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1.0 


INTRODUCTION 


BOPACE 3-D is the acronym for the Boeing Plastic Analysis Capability for 
3-dimensional solids. It is an extension of the original BOPACE 2-0 
version [1]. BOPACE 3-D is a finite element computer program, which 


provides a very general family of 3 -dimensional isoparametric solid 
elements, and includes a new algorithm for improving the efficiency of 
the elastic-plastic-creep solution procedure. This document describes 
the BOPACE 3-D program, and includes theoretical, user and programmer 


oriented sections. 


The BOPACE programs have been developed by The Boeing Company for the 
NASA Marshall Space Flight Center, in order to meet the evident need for 
an advanced thermal-elastic-plastic-creep structural analyzer. Although 
BOPACE development has been strongly influenced by the requirements 
analysis of engines, in particular the space shuttle main engine, the 
programs have been kept quite general and they are applicable to many 
types of nonlinear structures. The philosophy for BOPACE program 
development has been based on the following requirements. 

1 ) Analysis of very high temperature and large plastic-creep effects. 

2) Treatment of cyclic thermal and mechanical loads. 

3) Improved material constitutive theory which closely follows actual 
behavior under variable temperature conditions. 
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4) A stable numerical solution approach which avoids cumulative errors. 

5) Capability for handling up to 3000 degrees of freedom. 

Although the finite-element method was first applied to plasticity in 
the early 1960 's, and several good programs for nonlinear analysis have 
since been developed, numerous improvements were indicated in order to 
satisfy the above requirements. For example, some other available 
programs assumed linear or bilinear plastic hardening, accumulated 
errors by failing to satisfy equilibrium at each step, or did not 
completely account for the effects of variable temperature on the 
elastic, plastic and creep relations. The stated requi reiients have been 
effectively met by the current BOPACE program versions. The BOPACE 
research and development efforts have led to an improved hardening 
theory for cyclic plasticity, a method for representing general cases of 
load reversal, and advanced techniques for improving the accuracy and 
controlling convergence of highly nonlinear solutions. 

Two options have been provided in the BOPACE 3-D program: 1) The use of 

64>K words of core to solve up to 1500-D0F problems, and 2) The use of 
128K words of core to solve up to 3000- DOF problems. The program is 
written in FORTRAN IV and is available on both the IBM 360/370 and the 
UNIVAC 1108 machines. The BOPACE 3-D document consists of three major 
parts : 

Part I. Theoretical Manual 

Part II. User Manual 

Part III. Programmer Manual 
1 "2 


I 


th« JM co»»n, 


Recognition is duo to I. L. Beste and M. N. Ice for their BORAGE 3-D 
programming efforts, to W. H. Armstrong for some of the Initial 3-D 
element development, and to S. Wahlstrom for providing his isoparametric 
elastic stiffness generation routines. The Gauss linear equation solver 
package was originally developed by J. L. Ballinger. 
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2.0 MATERIAL CONSTITUTIVE THEORY 

The basic purpose of classical constitutive theory in an elasto-visco- 
plastic program such as BO PACE is to provide incremental relations 
between stresses and strains. BOPACE uses these relations with the 
finite -element stiffness method to provide a convenient and efficient 
approach for solution of an important class of nonlinear problems. 

BOPACE 3-D employs isoparametric solid elements, with numerical integra- 
tion over a number of material points within each element. It accounts 
for elastic, plastic, thermal and creep deformations, and the nonlinear 
dependence of all deformations on temperature. The material constitutive 
theory includes a combined isotropic/'ki nematic plastic hardening theory, 
and a generalized approach to cyclic load reversal. The BOPACE constitutive 
theory is developed by a tensorial approach which provides all relations 
in a form which is invariant under coordinate transformations. 

2.1 ELASrCITY EQUATIONS 

This section defines the cumulative and incremental forms of the relations 
for temperature-dependent elasticity, which are used in BOPACE 3-D. 

General Concepts and 3-D Relations - The basic cumulative stress-strain 
relation, for either temperature-dependent or temperature-independent 
elasticity, is 
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(2 . 1 - ! ) 


wtjere a and e 6 are the 3x3 tensors of stress and elastic (recoverable) 
strain, respectively, and D e is the tensor of elastic coefficients which 
may depend on temperature. For convenience we will use the equivalent 
single-subscript notation 


a i 


n e e 
D . . e . 
U 3 


( 2 . 1 - 2 ) 


where subscripts i and j range over all nint. of the tensor components 
For 3-di'mensional analysis the relation 2.1-2 is taken as 
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where 


and 



E 

TT+v) (l-2v) 


1-v v v 

v 1-v v 

v v 1-v 

m 


hi 3 D 33 = (1+v) E (1-2v) 


l~2v 0 9 

0 1 -2v 0 

0 0 l-2v 


Here E is Young's modulus and v is Poisson's ratio. 


Note that the elasticity matrix in Equation 2.1-3 is consistent with the 

tensorjal definition of shear strains (e.g. e e = -y e / 2 , where y is 

xy xy xy 

the engineering definition of shear strain). Tensorial definitions are 
used in the BOPACE program in order to easily formulate constitutive 
thei which is invariant with respect to coordinate transformations. 
Although such invariance can be achieved by a careful use of engineering 
strain definitions , such definitions are probably responsible for some 
of the invariance difficulties which have been reported in the plasticity 
literature. 
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The last three of Equations 2.1^3 are somewhat redundant and may be 
discarded to give an abbreviated 6-eomponent form (e.g. = 0 

and £ vy = £ V J- It should be emphasized, however, that in performing 
later summations all non-zero values of the nine tensor components must 
be accounted for. 

Incremental Relations - For the case of temperature-independent elasticity 
the incremental stress-strain relations are simply 

' 3 ij -1 

p 

where A denotes an incremental quantity and D is the appropriate 
elasticity matrix. 

When temperature dependence is considered, the incremental relation may 
be written either as 


or 


A0 i 






n e0 eO 
- D . . e . ' 
U J 


(2.1~5a) 


♦ B lj Ae j 


(2.1-gb) 


where the superscripts 0 and 1 denote quantities evaluated at the beginning 
and end of the increment, respectively, and A0 e = 0 e ^ - 0®° is the 
change in elasticity matrix from beginning to end of the increment. The 
first term in Equation 2.1 -fb accounts for stress change due only to 
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change in elastic properties, while the second term accounts for additional 
stress change due to the increment of elastic strain. 


2.2 


THERMAL STRAIN 


A! te r na te Formulations - The conventional description of thermal strain 
is given by 


A 1 


r 
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l 

XX 
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( 2 . 2-1 ) 


where e* denotes thermal strain, T is the temperature, and y is the 
thermal coefficient of expansion which may be a function of temperature. 


An alternate Integrated description of thermal strain is 


r ■< 
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e xx 
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e yy 

e* (T), 
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( 2 . 2 - 2 ) 


where here e t gives the thermal strain directly as a function of tempera- 
ture. If only incremental thermal strains are of interest, * t may be 
taken as zero at any convenient reference temperature. 
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BOPACE Formulation - 80PACE uses the direct form 2.2-2. This form is 
preferred over that involving a thermal expansion coefficient because 
accumulated errors in thermal strain are not introduced. These errors 
could arise with the form 2.2-1, in case y varied with temperature and 
the specified heating and cooling sequences used different temperature 
increments. 80 PACE takes the structural fabrication temperature as the 
reference temperature for zero thermal strains. 


2.3 PLASTICITY 


This section defines the incremental elasto-plastie relations used in 
the BOPACE program. (See also Section 2.6 for the elasto-plastie iterative 
algorithm.) BOPACE employs a new concept of combined isotropic and 
kinematic hardening, and accounts for temperature-dependent elasto- 
plastie behavior as well as a generalized form of cyclic load reversal. 

In order to develop the constitutive theory in a straightforward manner, 
discussion of the effects of temperature-dependent elasticity on the 
elasto-plastie relations is deferred until Section 2.5. 

Definitions - The following nomenclature is defined. 


c? = total stress 

a = stress center (of yield surface in kinematic hardening) 

s = deviatoric (total - hydrostatic) stress 
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a = deviatoric stress center 

s = s - a = relative deviatoric stress 

E e = elastic (recoverable) strain 

E p = plastic (time -independent non stress-inducing) strain 

e c = creep (time-dependent non stress inducing) strain 

General Concepts - The basic concepts in most elasto-plastic theories 
are those of a yield surface , the dependence of yield on only the deviatoric 
stress components, incompress iibi 1 1 ty under plastic strains, and normality 
of the incremental plastic-strain vector to the yield surface. The 
definition of a particular theory requires assumptions for three basic 
eonsti tuents : 


1 . a surface relating the stress components at yield 

2. a flow rule defining a direction for the incremental plastic-strain 

vector 

3. a hardening rule. 

Yield Surface - BO PAGE employs the IHuber-Mises yield surface [2], defined 
by the relative deviatoric stresses as 


where the summation ii again taken over all nine tensor components of s. 
The s? are components of a point on the yield surface at a known condition 
of temperature and plastic deformation, e.g. , from a uniaxial test. 
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Equation 2.3-1 holds whenever the material is plastic, i.e. whenever the 
components of s are on the yield surface. Function F may be thought of 
geometrically as defining a hypersphere in 9-dimensional deviatorie 
stress space. Alternately, when expressed in the 3-D space of principal 
stresses, this yield surface can be shown to be an open-ended circular 
cylinder whose axis passes through the origin and makes equal angles 
with each of the three principal stress axes. The Huber-Mises yield 
surface is generally used to describe plasticity in metals because it 
agrees reasonably well with test results and it gives a smooth surface 
which is convenient for calculations. 

Flow Rule - BO PACE uses the Prandtl-Reuss flow rule, which is the usual 
rule associated with the Nuber-Mises yield surface. The assumptions are 
that the material is incompressible under plastic flew, and that incre- 
ments of plastic strain are normal to the yield surface at the stress 
point. 


These assumptions provide the relation 



A 


XSj 


(2.3-2) 


where x is a flow parameter (or plastic proportionality constant). 
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Basic Hardening Concepts - An elastic-plastic material which work hardens 
im the plastic range is commonly analyzed using either of two classical 
hardening theories. Isotropic hardening [3], which assumes a uniform 
expansion of the yield surface during plastic flow, accounts for change 
in size of the hysteresis loop during cycling. Kinematic hardening [4], 
which assumes a rigid translation of the yield surface in the direction 
of the plastic strain increment, accounts for the pronounced Bausehimger 
effect which is evident in cyclic behavior of most metals. In general, 
an actual cyclic behavior can be more accurately described by a combination 
of isotropic and kinematic hardening. A combined hardening theory has 
been given by Hodge [5] for materials which satisfy the Tresea yield 
condition. Because a better representation for most metals is provided 
by the Huber-Mises yield surface, a corresponding combined hardening 
theory [6] has been developed for the BQPACE program. 

Hardening Parameters - A simple combined hardening theory such as that 
presented in Reference 6 makes two basic assumptions : 

r ' 

1) Size of the yield surface is a function of a cumulative hardening 

parameter, This means that the isotropic hardening, i.e. the 

v 

incremental change in size of the yield surface, depends on the 
Initial value of < and its change ak. 

2) Yield surface translation is related (but only in an incremental 

k 

manner) to a kinematic hardening parameter, k . The kinematic 

hardening, i.e. the incremental translation of the yield surface, 

k k 

depends on the initial value of k and its change A< . 


2-9 


Thu 


COMPANY 


For a simple uniaxial load case, the yield surface size at any time is 
measured by one half the algebraic difference between the current yield 
stresses in tension (positive) and compression (negative), while the 
cumulative kinematic hardening is measured by one half the algebraic sum 
of the yield stresses in tension and compression. 

It will be evident in the discussion to follow that isotropic hardening 
can be related to * on either a cumulative or incremental basis, while 
kinematic hardening can be related to >■ only on an incremental basis. 

In addition to the parameters * and t. k , hardening is also a function of 
temperature. 


Figure 2.3-1 shows hysteresis loops for the first two strain-controlled 
cycles of a typical material which exhibits combined isotropic and 
kinematic hardening. Here a denotes yield stress and a denotes yield 
stress center. The Bauschinger kinematic hardening effect is apparent 
in that the initial yielding in tension causes a reduced yield stress in 
compression, i.e. a shift of the yield center by an amount a. Successive 
yielding in compression causes a reduced yield stress in tension, and so 
forth. Isotropic hardening causes the increase in size of the hysteresis 
loop with continued cycling. The hysteresis loops for many materials 
become stabilized after a number of cycles, and they may begin to decrease 
in size as further deformation causes a softening effect. 

Figure 2.3-2 shows the stabilized hysteresis loops for a material at 
various temperature levels. (Different strain ranges are used to separate 
the loops for purpose of illustration.) The hysteresis loop of a material 
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Figure 2.3-1. Combined Hardening Behavior f Non-stabilized ') 



Figure 2.3-2. Variable Temperature Hysteresis Loops ( Stabilized ) 
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typically decreases in size with increasing temperature. Note that the 
size of the yield surface will vary in a similar manner with temperature. 
Also the rates of isotropic and kinematic hardening with respect to 
plastic deformation vary with temperature. 

The isotropic hardening parameter k may be appropriately taiken as either 
the cumulative plastic work density;, or as the sum of increments of 
effective plastic strain . The kinematic hardening parameter r must 
account for the Bauschinger effect in cyclic loading, and it may be 

taken as an adjusted value of k . As long as no Toad reversal occurs and 

I*' k 

the loading is proportional, k v is simply equal to n. However, « must 

be set to zero at the start of each increment in which a complete load 

reversal occurs. (A complete load reversal occurs when the incremental 

plastic strain vector has a direction exactly reversed from that of the 

previous plastic increment). For an incomplete load reversal, the 

BOPACE program computes the starting value for by multiplying the 

existing accumulated value of by the factor (1 + C0S1 NE ) / 2 , where 

COSINE is the Cosine of the angle between successive incremental plastic 

k k 

strain vectors. At the end of each increment, k becomes k + a* . 

Because the Bauschinger effect varies with cumulative deformation in 
certain materials (e.g. it may become more pronounced as plastic cycling 
continues), BOPACE allows an additional option for the kinematic hardening 
to be defined as a product of two functions. The first is a function of 
K - k and defines the shape of the kinematic hardening, while the second is 
an additional factor which depends on k and defines the magnitude of the 
kinematic hardening. 
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In order to Implement the BORAGE hardening theory, it must be determined 

how the size of the yield surface varies with temperature. In addition, 

the dependence of isotropic and kinematic hardening on the parameters k 
k 

and k must be determined. This is accomplished by performing cyclic 
tests at several levels of constant temperature. After the cyclic 
hardening behavior is thus determined at different constant temperatures, 
an assumption must be made for variable temperature cycling. The hardening 
effects of variable temperature are illustrated in Figure 2.3-3. As 
long as temperature remains constant, plastic hardening behavior is 
defined by following the shape of a stress-strain curve at the given 
temperature, say to the point 0 on the T^ curve. If temperature changes 
to Tg, and then plastic deformation continues, an initial point must be 
determined on the T 3 curve from which the new yield surface size and 
initial hardening slopes may be determined . This transfer from curve T£ 
to curve T 3 requires a definition of the basis for hardening, i.e. the 
definition of the parameters k and K k . BO PACE allows the option of 
either plastic work or the sum of increments of effective plastic strain 
to be used as the hardening basis. The strain and work options correspond 
to the respective points 1 and 2 in Figure 2.3-3. 

The hardening relationship determined from a series of cyclic tests may 
depend somewhat on the strain range used in a particular test. If 
strain range is a significant factor the test conditions should duplicate 
the approximate expected strain range for which an analysis is to be 
made. The choice between plastic strain and plastic work as a basis 
for the hardening parameters k and K k may depend to a large extent on 
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which basis provides the better overall representation of cyclic behavior 
at various strain ranges. 


Multi axial Hardening Rule - The kinematic hardening rule employed in 
BOPACE is that due to Prager [4]. It gives the increment of yield 
surface translation in terms of the incremental plastic strains, as 


Act i = C ij A£ j 


i c I Ae P 
3 C Ac j 


(2.3-3) 


where c is the kinematic contribution to the slope of the uniaxial 
stress vs. plastic-strain curve, and I is the identity matrix. An 
alternate hardening rule due to Ziegler [7] is preferred by some plas- 
ticity analysts because the form of Ziegler's rule does not change with 
reduction in the number of spatial dimensions, and it is therefore 
supposed to simplify the calculations. Prager's rule is considered more 
acceptable from a physical point of view, however, and it presents no 
difficulty when all components of the required tensors are retained as 
they are in the BOPACE programs. Note that for Prayer's kinematic 
hardening rule, the deviatoric stress center is equal to the stress 
center, i .e. = n.. . 

The isotropic hardening, i.e. change in size of the yield surface due to 
plastic deformation, is defined for a proportional test loading by 

4 *i ■ R ij (2 - 3 ' 4) 
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where r is the isotropic contribution to the slope of the uniaxial 
stress vs. plastic-strain curve. 


The necessary condition that stresses remain on the yield surface is 
satisfied by taking the differential of Equation 2.3-1. The condition 
is aF = 0, which to a first order approximation can be shown to give 


- s^ Aa.j - s® As® - 0 


(2.3-5) 


s . Ao ^ — AA 3 0 


(2.3-6) 


where 


1 A 1 
A S 1 + X S 1 AS 1 


G ij s i s j + R tj S 1 s j 


(2.3-7) 


The key to a successful combined hardening theory is the proper deter- 
mination of the hardening variable A. The B0PAGE program uses hardening 
tables which give the yield-surface size and the surface translation as 
functions of the hardening parameters k and < . These are two-dimensional 
tables for each material whose ordinates and abscissas are, respectively, 
temperature and hardening parameter. Given the initial values of k and 

k ■ - ly 

k at the beginning of an increment, and estimated values for ak and Ak , 
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the corresponding increments of isotropic and kinematic stress increase 
are obtained from the hardening tables. (Hardening due to temperature 
change is included by adding it to the isotropic stress increment.) 

The hardening slopes e and r are then computed, by dividing the incremental 
stress increases by the estimated increment of effective plastic strain. 
This procedure gives average values for the slopes c and r during the 
increment, and tends to produce an accurate and stable numerical iterative 
process. Note that it is the isotropic and kinematic stress increases, 
rather than the slopes c and r, which are directly related to the 
hardening parameters. The choice of a test value for s° in Equation 
2.3-7 is arbitrary, as long as it is a point on a yield surface of size 
corresponding to s, i.e. a surface with equal values of temperature and 
parameter k. It is convenient in BOPftCE to take s° equal to s. 

Incremental Stress -Strai n Relation - The incremental stress-strain 
relation now follows the development of References 8 and 9. Take 

• v ’i ■ n u te f p - B h V < z - 3 - 8 > 

where D e is the appropriate matrix of elastic constants. 


Then 


“ - s- -i • -f p - h V 


(2.3-9) 
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which gives 


A 


s, .? 


.1 


+ S. 0 


k u \a 


S 9? 


{2.3- in ) 


Substituting Equation 2.3-10 into Equation 2.3-8 provides the desired 
relation 


Aa i 



Q tk s k s £ \ 

* - % K* «. I 



(2.3-11 ) 




Acf 1 ~ ( D ij + D fj) Ae j +P = D y ^ e j +P (2.3-12) 

0 is the elasto-plastie Jacobian (tangent-stiffness) matrix relating 
incremental stresses to incremental elastic+plastic strains. In effect, 
it separates the elastic and plastic strains and determines the incre- 
mental stress corresponding to the incremental elastic strain. 0 13 is 
the stiffness reduction due to plastic flow, and becomes zero for the 
case of infinite hardening, i.e. A = ■*>, or equivalently the total slope 
(c+r) of the stress vs. plastic-strain curve is infinite. 

Effective Stress-Strain and Plastic Wo rk - the concepts of "effect ive 
stress " and "effective strain " are related to plastic work . and are used 
in a limited way in the development of constitutive theory for the 
BO PAGE program. 
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Because they can easily be misapplied, especially in the presence of 
kinematic hardening, the use and limitations of the concepts are briefly 
discussed here for the Mises plasticity theory. 

Due to characteristics of the Prager hardening theory, the following 
statements of equivalence and proportionality should first be noted. 

. . . p _ ~ * c (2.3-13) 

Aa . = Aa.. ~ Ae!j ~ S| f v 

Because of the incremental nature of kinematic hardening, s i and s i 
are in general not proportional. 


The Mises effective stress a is defined by 


-2 3 

o s. s, 


(2.3-14) 


The incremental and 


cumulative values for plastic work, W p , are given by 


*1 


(2 . 3-1 5a ) 


and 


W p = Z a i &£| 


(2 . 3-1 5 b) 
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where z denotes summation over all increments . For the special case of 
proportional loading (i.e. loading in which all stress components are 
increased proportionately) followed by a constant stress level (i.e. no 
plastic hardening), the cumulative plastic work is given by 

W p - « i ef (2.3-TSe) 

As a matter of convenience in computing plastic work, an increment of 
effective plastic strain, aI p , has historically been defined by 

(Ae p )^ = Ae P A£ P (2.3-16) 

At this point, however, care must be exercised in using the historical 

calculation for plastic work. If kinematic hardening were zero, then 

s. s . , and because is proportional to s- the use of Equations 2.3- 

i i 

14 and 2.3-16 would give plastic work as 


AW P 


o 


AiP 


(2.3-1 7a) 


and 


W P = 


2 <3 A^ 


(2.3-1 7b ) 
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If in addition, the condition were one of proportional loading and 
constant stress, then by defining the cumulative effective plastic 
strain, in the same manner as At. p , we would have 

WP = (2 . 3-1 7c ) 

Of course the Equations 2.3-17 in general are not valid , because of the 
presence of kinematic hardening and non-proportional loading. Thus 
plastic work must be computed from Equation 2.3-15a and b, rather than 
from the product of effective stress and strain quantities. 

The quantity ? serves little purpose in a general plasticity analysis, 
although it is a tensoriallv invariant quantity and does provide a 
measure of net residual deformation. For a rational measure of deforma- 
tion history, either the plastic work, W !J , or the sum of increments of 
effective plastic strain, r /r , '\ is appropriate. The difference in 
concept between the quantities and r aT* 3 should, however, be recognized. 

2.4 CREEP 

Stages - Metals characteristically exhibit the three stages of primary, 
secondary and tertiary c~eep. Figure 2.4-1 shows these stages in a 
typical creep history under conditions of constant temperature and 
stress. Because creep rate varies considerably during the different 
stages, the description of actual creep histories is considered to be 
essential for an accurate analysis. The BOPACE program accounts for 
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Figure 2.4-1. Typical Creep Stages 



Figure 2.4-2. BOP ACE Creep Representation ( Example for Variable Temperature 
and Constant Stress) 



Figure 2.4-3. BOP AGE Creep Hardening Options (Example for Constant Temperature 
and Variable Stress) 
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the creep time history by allowing the user to define, by a series of 
input points, the shape of the effective-creep-strain vs. time curve for 

each materia] . 

Temperature and Stress Effects - Creep rate in most metals is very 
dependent upon temperature and stress level. The BOPACE approach to 
creep analysis provides a reasonable description of temperature and 
stress effects, while avoiding excessive storage and computational 
requirements. For each material, BOPACE requires a reference creep 
curve shape which gives the relative variation of effective-creep-strain 
vs. time for the various stages considered. This shape is assumed to be 
valid for all the temperatures and stress levels of the particular 
material. A table of creep factors for the material is then specified 
as a function of temperature and effective stress, and a portion of the 
actual creep curve is determined by multiplying the reference creep 
curve by the appropriate factor using the average temperature and stress 
during the increment. Figure 2.4-2 shows portions of typical creep 
curves for the special case of constant stress level and variable temper- 
ature. Note that according to BOPACE assumptions these curves have the 
same shape. 

Hardening - As long as the temperature and stress level remain constant, 
an increment of creep is determined by following the corresponding creep 
curve for the given time increment. However, if temperature or stress 
level changes, an initial point must be identified on the corresponding 
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new creep curve in order to determine the new creep rate. This transfer 
from one curve to another requires an assumption for creep hardening, 
which in BOPACE is defined by a single hardening parameter, k G . BOPACE 
allows the option of either age, strain, or work hardening, for which k G 
is defined respectively as the accumulated time, sum of increments of 
effective creep strain, or creep work. Consider, for example, these 
options in Figure 2 . 4-3 for a case of constant temperature. Creep 
during the preceding increments has progressed to the point 0 on the ^ 
curve. The average effective stress during the present increment is 
which gives the initial points 1, 2 and 3, respectively, for the options 
of age, strain and work hardening. Incremental creep for the current 
increment is then determined by continuing along the ^ curve from the 
appropriate initial point, for a distance equal to the specified creep 
time Increment. In the general case both temperature and stress will 
vary from one increment to the next, but the hardening option still 
determines in the same manner how the transfer is made between the creep 
curves . 


Load Reversal - The main use of the creep-hardening parameter ic G comes 
into play during a load reversal. When a complete reversal occurs, k g 
is set to zero and the initial point on the creep curve is taken as that 
corresponding to a zero value of < . (A complete load reversal occurs 
if the incremental creep-strain vector has a direction exactly reversed 
from that of the preceding creep increment.) For an incomplete load 
reversal, the BOPACE program computes the starting value for it c by 
multiplying the existing value of ir C by the factor (1 + COSINE )/2 , where 
COSINE is the Cosine of the angle between successive incremental creep 
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strain vectors. Parameter >. c then accumulates as before, i.e. at the 

r C C 

end of each increment k“ becomes > + Ar . 

Multi axial Flow Rule - The incremental creep-strain vector has historically 
been taken normal to a Mises type of surface which passes through the 
stress point. When kinematic plastic hardening is considered, this 
surface could be taken either as the actual translated yield surface, or 
as an untranslated surface which passes through the stress point but 
whose center remains at the origin. The appropriate choice of surface 
is not clear, and the multi axial creep flow rule is therefore defined on 
the basis of programming simplicity. BOPACF 3-D defines multi axial 
creep under elastic conditions by 

Ae- - (|Ai c /F)s i (2.4-1) 

r* 

where Ae is the increment of effective creep strain defined by 

(Ac 0 ) 2 * ~ Ac 1 : (2.4-2) 

while o and s are evaluated at the beginning of the increment. 

Creep which occurs under plastic conditions is taken in the same direction 
as that of the plastic strain increment (see Section 2.6). 
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2.5 COMPLETE STRESS-STRAIN RELATIONS 

In Sections 2.1 to 2.4, the basic theory used in BOPACE for elasticity, 
thermal strains, plasticity and creep has been discussed. The present 
section describes the complete stress-strain relations, and the manner 
in which simultaneous elastic, plastic, thermal and creep strains are 
accounted for. The combined effects of temperature-dependent elasticity 
and plasticity are included. 

General 3-D Relations - For temperature-dependent behavior, an elasto- 
plastic incremental stress-strain relation follows from Equations 2.1 -5b 
and 2.3-8: 




i 






D l] s j A 


(2.5-1) 


Here the first term accounts for stress change due to change in elastic 
properties, while the second and third terms account for stress change 
due to change in elastic strain. Following Eouation 2.3-9, 


* ~ p eo * p.el . e+p 

AX - f, 40, - s, 4D,j Sj ♦ s, * (j 4 Ej - -j 


A el 
S j s,x 


(2.5-2) 


where again 


A » 



A 



+ R° 






A 

S 


0 

J 
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For the general case of temperature-dependent plasticity, R° accounts 
for isotropic hardening due to both plastic deformation and temperature. 
Then 


s i AD? 


eO 


1J 1. 


s. D e l 
1 U - 


Ae e+ P 
J 


A + s. D 


el 


k kit 


(2.5-41 


Substituting Equation 2.5-4 into 2,5-1 gives 


A j , R e D ik s k 5 Jt AD tj 
AOj AD.. * a ' 

J A + K », s„ 

m inn n 


c- e0 + 
£ . T 

J 


( »?!• 


V 



el A 
A + s D s 
m mn n 


or, using abbreviated notation 


(2.5-5) 


Ao. = 
1 


id + 4D n> e f + < D ij + D n> 4£ ' 


^ e+ P = AD.. e e0 + Dj. Ae? + P 

j ij j ij j 


(2.5-6) 


Thus the increment of stress can be determined as the sum of two products 
an incremental matrix times the initial elastic strains, plus an end-of- 
f nc remen t matrix times the incremental elastic+plastic strains. 


This formulation was used by the initial BOPACE program in the iterative 
stress -strain algorithm for temperature dependent materials, and is 
developed here for the sake of clarity. The present BOPACE 3-D program. 
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however, employs an improved iterative algorithm, which allows an additional 
benefit by substituting the simpler Equation 2.1-5a for 2.1-5b. Details 
of the new algorithm are discussed in Section 2.6. For either approach, 
the formation of the tangent stiffness matrix is based on Equation 2.3- 
12, with quantities evaluated at a single appropriate temperature. (In 
updating the matrix the temperature used is that at the end of the 
increment) . 


2.6 IMPROVED ALGORITHM FOR INELASTIC CALCULATIONS 

Summary of Basic Concepts - The iterative residual -force procedure is 
often employed with an incremental solution for inelastic (plasticity 
and creep) problems, in order to avoid accumulated error. Each iteration 
in the residual -force procedure involves the following two stages. 

1) Equilibrium and Compatibility: Given the current residuals (unbalanced 

forces or stresses), the equilibrium and compatibility equations 

are applied in order to predict an improved configuration (of 
displacements and strains). 

2) Separation of Strains: Given the current strains, some algorithm 

based on the inelastic material theory is applied in order to 
separate the strains into their elastic, plastic and creep portions, 
and thus provide the resulting stresses. 
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When this procedure has converged to the correct result, the following 
conditions will be met. 


1) Forces in equilibrium 

2) Displacements compatible 

3) Plastic strain increment satisfies normality rule 

4) Size of yield surface consistent with deformation history 

5) Translation of yield surface consistent with deformation history 


The overall BO PACE solution technique based on the residual -force 
procedure is summarized in Section 4. The purpose of the present section 
is to discuss the details of a new algorithm which has been developed 
and incorporated into BO PACE, for improving the convergence and accuracy 
of the inelastic stress-strain calculations. This algorithm defines the 
implementation of stage 2 (separation of strains) in the residual -force 
iterative procedure. 

Background - The theory already presented in Sections 2.1 through 2.5 
may be employed for both stages of the iterative procedure, and in fact 
equations of the type 2.5-5 were used for all stress-strain calculations 
in the initial version of BO PACE. Convergence difficulties resulted 
from the use of this approach in stage 2, however, when the incremental 
inelastic strains were large relative to the cumulative elastic strains. 
These difficulties were substantially eliminated by properly controlling 
the direction defined for the incremental inelastic strains. (The 
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reason for the difficulties and the method of control were presented in 
Refe >nce 13). Another quite different approach is based on a "strain- 
space" concept, and was presented by Barsoum im Reference 14 with the 
claim of a significant improvement in efficiency. That approach has 
therefore also been developed and evaluated for BOPACE usage. Because 
the method as presented in Reference 14 assumes kinematic hardening 
only, it was extended to incorporate the combined isotropic and kinematic 
hardening provided by BOPAGE. In addition, some further techniques for 
accelerating convergence were identified and incorporated into the 
method. The resulting modified version of BOPACE has shown promising 
results. For example, a small test problem involving 15 load increments 
and solved using BOPACE solution option 5, required 2S% fewer iterations 
and 50% fewer stiffness matrix updates than when run on the previous 
version. Although further comparisons are needed to prove the effective- 
ness of the new algorithm, it is expected to supersede the previous 
BOPACE capability. 

Basic Definitions and Comparison of Algorithms - The new inelastic 
algorithm involves calculations in the "deviatoric strain space", rather 
than the more conventional "deviatoric stress space" used in previous 
BOPACE programs. For the sake of clarity, the previously used stress- 
space algorithm will again be summarized here, and the clastic-plastic 
quantities used in the new strain-space algorithm will be defined and 
compared with previous quantities. 
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As described in Section 2.3, the definition of a plasticity theory 
requires assumptions for three basic constituents: a yield surface, a 
flow rule, and a hardening assumption. 80PACE development is based on 
the Mises yield surface, and this surface is represented by a hypercircle 
in 9-dimensional deviatoric stress space, as shown in Figure 2.6-la. 

The surface is defined by the equation 




F 


-A A 

0 0 

Vi - Vi 


( 2 . 6 - 1 ) 


where s is the deviatoric stress, s = s - a is the relative deviatoric 
stress and defines the isotropic hardening, « is the surface translation 
and defines the kinematic hardening, while s° is a reference value of s 
and must be known as a function of plastic deformation (e.g. from a 
uniaxial test). Point A in Figure 2.6-la is the origin of the deviatoric 
stress space, point B is the current center of the yield surface, and 
point C represents the current state of deviatoric stress. A stress 
point on the surface corresponds to a plastic state. According to the 
Prandtl -Reuss flow rule, the direction of the incremental plastic strain, 
Ae^, is normal to the yield surface at the current deviatoric stress 
state, s. A solid circle ( I ) in Figure 2.6-1 denotes a point which 
remains fixed throughout the increment, while an open circle ( 0 ) denotes 
a point which moves during the increment. In order to achieve greater 
accuracy and allow larger load i ncrements , B0PACE evaluates moving points 
such as B and C at the midpoint of the plastic increment. Additional 
detai Is of the B0PACE stress-space algorithm are discussed in Section 2.3. 
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For the new strain-space algorithm, the three basic constituents of the 
plasticity theory remain unchanged, and direct use is made of the stress- 
space theory and nomenclature. However, we now work with a yield surface 
and associated quantities in strain-space. Thus we compute the deviaturic 
elastic strain, e , in terms of the deviatoric stress, s, by 

e® * S../G (2.6-2) 

where G = E/(l+v) is a tensorial shear modulus. Similarly we define a 
"strain center", e, in terms of the stress center, a, by 


S i (2.6-3) 

Then the relative deviatoric strain, e, is defined by 

e i " e i " B i * * s i " a i> /G " V'G (2.6-4) 

The geometrical interpretation of the new algorithm involving these 
quantities is provided by a sketch in 9-dimensional deviatoric strain- 
space, shown in Figure 2.6-lb. There point 0 is the origin, defining 
the initial undeformed (zero strain) state. Subsequent deformation is 
caused by a series of load increments, resulting in elastic and plastic 
strains. A superscript 0 is used to denote the value of a quantity at 
the beginning of the load increment. Thus, point A defines the cumulative 
plastic strain, e* 30 , which exists at the beginning of the current increment. 
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(Because of the plastic incompressibility assumption, the plastic 
strains themselves are deviator ie strains). All other points In Figure 

2.6- lib refer to locations at some time during the current increment. In 
particular, we will be mainly concerned with the location of these 
points at a defined reference time. This reference time may be taken at 
the end of the increment, following the approach of Barsoum [14], or 
greater accuracy may be obtained at the expense of some additional 
variable storage by taking the reference time at the midpoint of the 
plastic increment, as is done in the new BO PACE algorithm. Point D 
defines the total cumulative deviatorie strain, e, during the increment. 
The circle is associated with the Mises yield surface, but is a hyper- 
circle in the deviatorie strain space. A strain point within the 
surface corresponds to an elastic state, while a strain point outside 
the surface corresponds to a plastic state. The size of this circle is 
defined by its radius e..(e. = s^/G), whereas the Mises stress-space 
surface has radius s. The center of the circle is at point B (B^ = 

e?® + B.j = + a^/G) , whereas the center of the Mises stress-space 

surface has components o^. During plastic deformation, the strain-space 
surface may undergo both expansion (due to isotropic hardening), and 
translation (due to kinematic hardening). The cumulative deviatorie 
elastic strain, e e , is defined by the vector AC (e® = s_./G). From these 
comparisons it should be apparent that the basic quantities in Figures 

2. 6- la and b, respectively, can be made to coincide, if points A 
are superimposed and all dimensions in 2.6-lb are divided by the 
factor G. The incremental plastic strain, Ae P , is defined by the 
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vector CD. It is normal to the circle because of the Prandtl -Reuss 
flow rule, and is therefore col inear with the radius e to point C. 

The vector B0 = e + Ae P is denoted by £' . The symbols e\ e , At ' 
and E 1 are consistent with their usage in Reference 14. 

C omputation Procedur e - We now define the new strain-space algorithm 
for implementing stage 2 of the residual -force iterative procedure. 

The problem which must be solved can be stated in terms of the various 
strain vectors. At the beginning of the increment, we have known 
values for (which remains constant during the increment), and for 
p, e e , and e. These have been determined such that they are all 
consistent, i.e., such that the appropriate vectors meet at single 
points A, B and C. The current estimate for the value of e l at the 
reference time is also known from stage 1 of the iterative procedure. 

We must then determine values for p, e e , e and Ak P at the reference 
time, consistent with the convergence requirements. Stated somewhat 
differently, we are given the locations of points A and 0 at the reference 
time, and the locations of points B and C at the beginning of the increment. 
We must then compute the locations of B and C at the reference time, 
consistent with the convergence requirements. 

The basic steps of the stage 2 algorithm are summarized by the following. 

1) Given values at beginning of increment for: 
a 0 = stress center 
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"0 

s = relative devratorre stress 
e e0 * elastic strains 


2) Given Ae - total (elastic + plastic) strain increment from stage 1. 

3) Compute values at reference time, based on estimated incremental 


deformation, for: 

Aa = kinematic hardening increment 
as - isotropic hardening increment 

4) Compute: z. = e. + Ac. = initial elastic strain + total strain 

increment 


5) 


Compute: 


I 



= corresponding deviatoric value 
= («® + Aa i )/G 
= (s® <■ As.y/G 


6) Compute Ej = ej - g.. 

7) Compute X = ( [ E ' | - |e| )/}£'( = plastic proportionality constant 

8) Compute a*e? = xt! = incremental plastic strain at reference time. 
Adjust Ac? - An? times (ratio of total to reference time incre- 
ment), to obtain total plastic strain increment. Compute 

Ae? = Ac^ - Ac? = incremental elastic strain. 


9) Compute end of increment values for: 

p pfi) p , , . 

= e? + Ae^ = cumulative elastic strain 

a . = 0 • • c? = cumulative stress 
i ij J 


10) Use to compute residual forces and error norm, and return to 
stage 1 if convergence has not been achieved. 
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The strain-space algorithm presented above corresponds to that given by 
Barsoum [14] except that here a combined isotropic and kinematic hardening 
is provided and a reference (midpoint) time calculation of the incremental 
variables is used to improve accuracy. As noted by Barsoum, greater 
consistency and better convergence are obtained by utilizing an algorithm 
in strain space rather than in stress space. This is because the stress- 
space calculation fixes the Ae P vector along the direction of the current 
s vector, rather than simultaneously fixing the directions of s and 
Ae P consistent with the given total strain increment Ae. The stress- 
space iteration can cause large oscillations in the location of point G, 
resulting in divergence if Ae P is large relative to the cumulative 
elastic strain. 


Although a strain-space algorithm eliminates most of the inconsistencies 
and tendencies toward divergence, it should be noted that an incon- 
sistency still exists in the plastic hardening quantities. This is 
because Aa and As are based on the estimated increment of plastic defor- 
mation, which will not in general be consistent with the actual deforma- 
tion. Thus if another iteration were performed using the same value for 
the total strain increment Ae, different results would be obtained due 
to change in 3 and e. 
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This difficulty is eliminated in the present approach by properly 
modifying the calculation of > in step 7. For this calculation, w 
use the parameters c and r associated with kinematic and isotropic 
hardening, respectively, in the expressions 

do, - | c 4eP 

, (2 .6-5) 

A 2 . D 

ASi - 3 r Acf 


We then see that 


* i 

E i = e i 


- 6 i * ej - (3° + A6..) 


- 


a° - 
3 1 


" e 1 " H 


9 - |c AeP/G (2.6-6) 


Replacing AeJ in this e ** uation by xE i’ we m SOlv ® f ° r ^ 


Ej - (e‘ - ej)/(l + f X c /G) 


(2.6-7#) 


i 
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In a similar manner we may obtain 


e i 3 ef + | X r |ij/G (2.6— 7b) 

The plastic proportionality constant, as already defined, is 

X - (|E'| - 1 e 1 )/ 1 E ' I (2.6-7e) 

It is apparent from Equations 2.6-7 that the expression for x is non- 
li nearly dependent upon x itself, and this is the reason why a con- 
sistent X is not solved for directly. An accurate value for x, however, 
can easily be obtained by a "linear intersection method." In this 
method we take the approximate value of X from step 7, and substitute 
into the Equations 2.6-7 to obtain a new computed value x^. We then 
assume a value of x + ax, where ax is a small change (perhaps .Olx), and 
again substitute into Equations 2.6-7 to compute another value x^ . 

The two pairs of assumed and computed X values are plotted in Figure 
2.6-2. The correct value for x lies on the 45 -degree line (since there 
the assumed and computed values would be equal), at the intersection of 
this line with the line connecting the two plotted points. This cor- 
rected value of x is Obtained by the following adjustment of x from step 
7. 
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X *• X + AX(X - A c0 )/ (^cl " *c0 (2.6-8) 


The incorporation of this adjustment into the strain-space algorithm 
provides consistent values for all quantities in stage 2 of the iterative 
process, and results in improved convergence. 



Figure 2.6-2. 
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Extensions and Refinements to the Basic Algorithm - The strain-space 
algorithm as presented here is employed In B0PACE for plastic analysis. 

In addition, the BOPACE algorithm treats creep strains In a manner 
similar to that for the plastic strains. For cases where the material 
Is elastic at the beginning of an increment and then reaches the plastic 
yield point at some intermediate time during the increment, greater 
accuracy is obtained by dividing the calculations into two parts. In 
such eases the initial creep is taken in the direction of the initial 
dev la tor 1c stress, and creep which occurs after the yield point is taken 
in the same direction as the plastic strain increment. Other refinements, 
such as temperature dependent elastic-plastic-ereep and generalized Toad 
reversal, are treated as discussed in Section 2. 


3.0 Axisymmetric Finite Element Formulation 


The BOPACE axisymmetric program provides a family of solid isopara- 
metric ring elements with curved boundaries. The formulation of 
these elements is essentially a specialization to two dimensions 
of the BOPACE 3-D formulation. The simplest ring element in this 
family is the basic 4—node quadrilateral, and higher order elements 
are defined by adding additional edge nodes to the basic 4 corner 
nodes. BOPACE allows an arbitrary number of nodes (from 4 to 10) 
per element, and each edge may contain an optionally different number 
of arbitrarily spaced nodes (from 2 to 5). 

This section discusses the elemental-level axisymmetric formulation, 
including the isoparametric formulation and displacement functions, 
the calculation of strain, force, and stiffness quantities, and the 
numerical integration process. Further details of the general 
approach are provided in the BOPACE 3-D theory manual. 


3.1 Isoparametric Formulation and Shape Functions 


In a manner similar to that for the 3-D isoparametric brick, the 
axisymmetric ring element requires the definition of shape functions 
over a parent element. These functions map the geometry of the 
parent element into an element on the cross section of the body, and 
also interpolate the field quantities at any point within the element 
in terms of the nodal quantities. 
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BOPACE Axisymmetric Ring Elements - The BOPACE isoparametric ring 
type of element is illustrated in Figure 3.1-1. in Figure 3,1-la 
an axisymmetric solid is shown idealized by ring elements, with the 
nodes completely defined by their x-y coordinates on the cross section 
(each node is actually an axisymmetric nodal ring) . The radial 
coordinate R coincides with the x-axis on the section. A z-axis 
is taken normal to the x-y axes, forming a right-hand Cartesian 
system and allowing all nonzero stress and strain components 
(xx,yy,zz,xy) to be represented. Figure 3.1-1 b and c show the 
parent and actual forms, respectively, for a cross section of one of 
the ring elements. The parent element is a 2 x 2 square, having an 
associated Cartesian coordinate system £ — with origin at the center 
of the square and axes normal and parallel to the faces. The element 
has 4 corner nodes, plus am optional number of arbitrarily spaced edge 
nodes. The actual element has generally curved boundaries (each edge 
is a curve defined by the polynomial through its nodes) , and is 
referenced to the Cartesian coordinate system x-y. The x-y-z system 
is the basic global system for an entire cross section of the body, 
and provides the reference frame for definition of all stresses, 
strains, etc. 

Element Geometry and Displacements - Each element node has an 
associated shape function given in terms of the £-n coordinates, i.e. 
at the nth node the shape function is denoted by N n (£,n). These 
shape functions define the geometry of the actual element by a point- 
wise mapping back onto the parent element. Thus in the actual element 
the x -coordinate of a point is given by 

x = x n N n (s,n) (3.1-la) 
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Here (£,n) are the coordinates of the corresponding point on the 
parent element, and x n is the x -coordinate of the nth node, with 
summation implied over n. A similar expression is used for the 
y-coordinate . Displacements u~v (in the x~y directions, respectively) 
of a point in the actual element are defined in the same manner. For 

example the u-displaeement of a point is defined by 

u = u n N n ( £ , ) ( 3 . 1- l b ) 

where u n is the u -displacement of the nth node. 

Displacement Derivative Calculations - For the BOPACE stress analysis 
the spatial displacement derivatives must be expressed in terms of the 
nodal displacements. To accomplish this, we first define a matrix 
g of the nodal shape functions, differentiated with respect to the 
£-iti coordinate : 


r™ 1 

3N 2 

3N n 

3£ 

n 

n 

9N 1 

9N 2 _ 

9# 

i. 3n 

9n 



When the displacement derivatives are used in the program they must 
be taken with respect to the x— y coordinates, and a transformation 
relation between derivatives in the two coordinate systems must 
therefore be supplied. This relation is given by the Jacobian matrix 
J, which is defined by 



A transformation is applied to the g matrix of displacement function 
derivatives, of the form 


g . . = J . g 
y ij lm y mg 


(3.1-4) 


This inverse Jacobian transformation produces the desired form of 
the partial derivatives matrix g, which is 


g = 


3N 1 

3N 2 _ 

3# 

3 X 

3x 

3x 

3N 1 

3N 2 

3N n 

, ay 

ay 

3y - 


(3 . l-5a) 


Using this g matrix, and the basic matrix of shape functions f , 


f a | n 2 — — — N n ^ (3.1- 5b) 

a composite matrix is then defined by 

g ® ■ 

G = o g (3.1-6) 

f/R o 


where the radius R at any 


computed using the nodal radii 


and the shape functions (R=rV ) . If we now define the vector 0 of 
displacement derivatives by 


/ 3U 

3u 

?v 

3 V 


(3 . l-7a) 

\ 3X 

3y 

3X 

sy 

*) 
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and arrange the vector q of nodal displacements in the form 


g 


( 


u 


1 




u 


4 


u 


n 


i 


v 


1 


v n ) (3 . l-7b) 


we may write the important relationship between displacement 
derivatives and nodal displacements, as 


i “ G ij (3.1-8) 

In constructing the BOPACE ring element program logic it is actually 
more convenient to rearrange the q -vector so that the u-v displace- 
ments at a particular node are grouped together. This also requires 
rearrangement of the columns of the G matrix. However the calculation 
and storage of the g and f matrices at integration points occurs in 
the simple form of Equations 3.1-5, and required operations involving 
the G matrix are performed simply by an appropriate indexing procedure, 
taking full advantage of the evident sparsity in the given form of G. 

Gene ral Considerations for the Shape Functions - The ring element 
shape functions are simply a specialization to two dimensions of the 
3-D element functions. In fact the same element generation routines 
are shared by the BOPACE 3-D and axisymmetric programs, by eliminating 
the 5 and z coordinates for the axisymmetric generation. The 
functions are again separated into two types - corner and edge func- 
tions . The definition of the ring element functions should be obvious 
from the BOPACE 3-D definitions, and therefore no further explanation 
is given here. 
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3.2 Strain, Force and Stiffness Quantities 


Strains - The Lagrangian strain, e, is defined in terms of material 
displacement derivatives, 8 , at a point in the body, by 


e . = AO. . 0 . + f A1...0.8, 
i 13 3 2 i-jk j k 


(3.2-1) 


Here AO and A1 are constant coefficients which define the strain 
tensor, with Al providing the (geometrically) nonlinear portion of 
the strain. The axi symmetric BOP ACE program has been designed to 
allow a very efficient incorporation of geometric nonlinearities, 
although the present version is restricted to treatment of material 
nonlinearities only. Only the AO term in Equation 3.2-1 is therefore 
retained, and the expanded strain-displacement relation for axisym- 
metrie BOPACE is written as 


r -< 
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. u/R , 


Forces - The principle of virtual work is valid for arbitrary non- 
linear materials, and it provides a simple basis for deriving the 
element force and stiffness relations- The equivalence of external 
and internal virtual work relates the generalized nodal forces p, 
and displacements q , in the element equilibrium equation 
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(3.2-3) 



/„ 6e. 0. dV = 
i v 11 


/v S£ i (8 i + DO ij 48 j> «* 


which holds along any equ i 1 ibr i um path in the neighborhood of the 
reference equilibrium (*) configuration. (The approximation to 
the integral in Equation 3.2-3 occurs when the first order incre- 
mental stress- strain relation involving the DO matrix is used. 

This does not lead to inaccurate results in the solution process 
because of the equilibrium check and residual-force corrective 
iterations Which are performed) . Here 6e and 6q are kinematically 
consistent variations, and from Sections 3.1 and 3.2 


<Se • 


. = AO. .. <$0 . = AO. G . <Sq. 5 B. . (Sq . 

i i] 3 im m 3 it 


13 


(3.2-4) 


The stress components for the axi symmetric element correspond to 

the strain components , and are (0 0 00 ). 

xx yy z z xy 


The theoretical implementation of Equation 3.2-3 requires the use 
of the second Piola-Kirchof f stress associated with Lagrangian 
strain, with integration performed over the undeformed volume. 
However, the small strain assumption is used in the BOP ACE form- 
ulation, so that the stress may be taken a> the usual engineering 
or true stress. 


Substituting for 4e, and realizing that Equation 3.2-3 must be 
satisfied for arbitrary variations Sq, provides the basic equil- 
ibrium equation for forces , as 

= L 2ttR B . 0 a dV = /_ 2irR G„. AO =m ( 0 * + DO* Ac, ) dA 

; A ai a J A mi am a ab b 


P. 

1 


(3.2-5a) 


o* at a reference equilibrium (*) configuration 


, where o = o* , we 


have 


n -/* 2 ’ R G mi "a dft 


(3.2- 


The 2"R factor in these equations results from integration around 
the circumference, which converts the volume integral to an integral 
over the cross sectional area. Thus the force used in all calculations 
is the tote " ring" force around the circumference. The radius R is 
obtained using the nodal radii and shape functions (see Section 3.1) 
by the interpolation formula R = R N . 

Stiffness - Differentiating Equation 3.2-5a and evaluating at the 
reference configuration Us - O, 9 - 6*, etc.) provides the first 
order incremental equilibrium equation 

P* = KO$i q| 

i 13 3 


where 


KOf ■ 
13 


u = /ft 2 * R B ai DO at> B bj dV = *A 2,R Si A °a™ A °'cn ^ ** 


(3.2-7) 


"tangent stiffness" matrix KQ* is thus a function of the current 
.trees- strain matrix DO*. The incremental form of 


elastic-plastic stress-strain 


= KO ij Aq i 


(3.2-8) 
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and is the basis for axi symmetric BOPACE solutions. Although one 

could compute B . - AO G . , it is more efficient in the program 

logic to use AO and G separately. In generating the tangent stiffness 

by Equation 3.2-7, a matrix K = AO DO* AO. is first computed, 

mn am ab bn c 

after which the product G^ K mn is formed. This procedure takes 

maximum advantage of sparsity in the G matrix, and also allows a 
simple extension for including geometric nonlinearities. 

3.3 Numerical Integration 

The integrals which define force and stiffness quantities in the 
axisymmetric BOPACE program are calculated by numerical Gauss-point 
integration and are taken over the volume (or area) of the actual 
element. The mechanics of the integration process, however, are 
best accomplished over the parent square element, where there are 
simple integration limits in terms of the £-ri Cartesian coordinate 
system. Integration is therefore taken in the form 
+1 +1 

J. f dA = J / fU,n) | J| d£d n (3.3-1) 

A -1 -1 

where f is the function to be integrated (including the 2ttR factor 
resulting from circumferential integration), and |j| is the Jacobian 
determinant which corrects for the fact that a differential area 
(dxdy) in the actual element is equal to |jj (d£dn ) . 

The integral is evaluated numerically by substituting for it a sum 
over a number of Gauss integration points : 
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m n 

f f dA = £ I 
} A i=l j=l 


f( H' V w ij 


Here m, n are the numbers of integration points in the ( , a directions, 

respectively (total number of points “**«>- and W ij 11 * 

factor for each point which includes the value of the Jacobian deter- 

min ant . 

The Gauss integration scheme is used because it provides higher accu- 
racy for a given number of points than some other methods, through 
an optimum selection of the point locations. (The use of m Gauss 
points allows the enact integration of a polynomial of degree 2m - 1). 
The BOPftCE axisymmetric program currently uses a 4-point (2 x 2) 

Gauss formula for all integrations, although the integration logic 
includes options for other Gauss-point formulas. 
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SOLUTION METHOD 


4.1 


BASIC SOLUTION REQUIREMENTS 


T* exact elasto-plastic-creep analysts of a structure requires the 
satisfaction, at all points in the structure, of three requirements. 

1) Equilibria of stresses 


2) Compatibility of strains 

3) satisfaction of constitutive theory, which is seized by 
appropriate incremental stress -strain relation 


The following paragraphs su-arize the BOPM solution approach as it 
relates to satisfying these three requirements. 

Stress^Strain Relation - The incremental stress-strain calculation Is 
defined by Equation 2,-6a. and implemented by the algorithm presented 
in Section 2.6. The stress-strain relation Is satisfied exact y m 
OOPACE solution procedure, provided the increment is sufficient y sma 
so that Incremental quantities can be treated in a differentia, manner. 
Because of the numerical integration employed over the 3-D isoparametric 
element veins*. the stress-strain relation may be satisfied m only an 
approximate smnner at points other than the integration points. 
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Compatibility - Compatibility is satisfied exactly within each 3-D 
isoparametric element as a result of the finite-element derivation. In 
the global sense, i.e., over the entire structure, compatibility is also 
satisfied exactly, by merging the element degrees of freedom into global 
degrees of freedom and thereby establishing the equality of displacements 
at appropriate adjacent nodes. 

Equilibrium - Equilibrium in general is satisfied only approximately 
within a 3-D isoparametric element, because of its variable stress 
state. Stresses are also not necessarily in equilibrium between adjacent 
elements, although all stress equilibrium is satisfied in the limit as 
the finite-element mesh is refined. For any mesh representation of the 
structure, global equilibrium is satisfied in B0PACE in an average 
sense, because equilibrium is established between the generalized nodal 
forces defined according to the usual finite-element procedure. 


4.2 COMPARISON OF COMMON SOLUTION METHODS 


The common stiffness methods used for solution of elasto-plastic problems 
can be classified by three general types: 

1) The pure "tangent stiffness" method 

2) The "constant-stiffness residual -load" method 

3) "Combined" methods 
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Tangent-Stiffness Method - The pure tangent-stiffness method obtains the 
solution for each load increment by a single solution of the incremental 
equilibrium equation: 


in which aP and aQ are the global incremental forces and displacements, 
respectively, and is the Jacobian (tangent-stiffness) matrix. This 
is the type of solution used in NASTRAN ' s "piecewise linear analysis," 
for example. There is no equilibrium check, and no iteration is per- 
formed to improve the incremental solution. The matrix K 1 ^ is determined 
by evaluation or extrapolation at previous solution points. Because in 
an actual structure the stress-strain slopes, creep rates, direction of 
the incremental plastic and creep strain vectors, etc., will generally 
vary within an increment, the pure tangent-stiffness approach can result 
in a substantial departure from the true force -displacement path unless 
load increments are kept quite small. 

Cons tan t- St i ffness Res id ua 1 -Load Method - This solution method [9] 
employs an iterative procedure. In each iteration the residual (unbalanced) 
forces are computed based on the current estimate for the incremental 
configuration, and are then applied to the constant elastic stiffness 
matrix in order to solve for displacement corrections. The approach is 
computationally efficient because it requires the formation and decomposition 
of only a single stiffness matrix, but it is not directly applicable to 
highly nonlinear structures because of convergence difficulties. 


I 
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Combined Methods - Various combined methods have been employed for 
solution of elasto-plastic problems, for example that described in 
Reference 12. These involve the use of an equilibrium check through the 
calculation of unbalanced forces, as well as various procedures for 
updating the approximate Jacobian matrix. 

BQPfiCE Approach - B0PACE uses a combined approach for solution, with the 
iterative procedure consisting of two stages: 

1) Improvement of the solution configuration b : y using the Jacobian 
matrix to reduce the residual nodal forces. 

2) Calculation of residual forces based on the estimated configuration 
and “exact" constitutive theory. 

Several user controlled options are available in BOPftCE for updating the 
Jacobian matrix. 

4.3 CALCULATION OF UNBALANCED FORCES 

It is assumed for the present discussion that the exact solution con- 
figuration is known at the start of a particular load increment. (Actually 
the B0PACE program takes any unbalanced forces which might remain from 
the previous increment and adds them to the present load increment, in 
order to achieve greater accuracy.) For a given iteration within the 
present increment, i.e., for a given estimate of the incremental 
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solution, it is necessary to compute the corresponding unbalanced 
forces. This section summarizes the steps involved in computing these 
forces, including determination of strains, stresses, and forces. A 
flowchart for these calculations is given in Figure 4.3-1. 

Strains ~ For the given estimate of incremental global nodal displace- 
ments, aQ, the corresponding element nodal displacements, Aq, are obtained 
by coordinate transformations at the nodes, involving appropriate direction 
Cosines. For the BOPACE 3-D program, all element displacements are 
referred to the basic X-Y-Z Cartesian coordinate system. Strains, Ac 
are then computed at each integration point by using the relations 3.1-8 

and 3.2-2: 


AGj * A0_* G - Aq * 
1 im mj 


(4.3-1) 


The strain Ae is tne total (physical) strain increment at the point: 


Ac 


. = Ac? + Ac? + AeJ + Ae!j (4.3-2) 


The thermal strains, Ae\ are determined as described in Section 2.2 
Subtracting these strains from the total strain, gives: 

A £ e+p+c „ A£ e + Ae; | + Ae® =» Ae^ - Ac* (4.3-3) 
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12 COMPUTF INCREMENTAL 

FORCES Ap FROM STRESSES 

(a 1 -a 0 ) 


13 6P+ APPLIED LOAD-Af 


Figure 4.3-1. BOP AC F Unbalanced-Force Calculations 
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Stresses - Elastic strains are then determined using the elasto-plastic- 
ereep algorithm presented in Section 2.6. With the elastic strains 
known at the end of the increment, the incremental stresses are computed: 




- B? 1 . e! 1 
1J 1 




(4.3-4) 


where e e ® and e e ^ are the known cumulative elastic strains at the beginning 

el 

and end of the increment, respectively. The calculation of e may need 
to be modified, depending on Which of three conditions exists at the 
particular integration point: 

Condition I Point is elastic at end of load increment, i.e., 
either the point remains elastic or unloading 
occurs. Compute stress and elastic strains. 

Plastic strains are zero. 

Condition II Point is plastic throughout load increment. Compute 
stresses, elastic and plastic strains by algorithm 
of Section 2.6. 

Condition III Point is initially elastic, but becomes plastic at 
some point during the load increment. Find inter- 
mediate time at which yielding occurs (this requires 
solving a simple quadratic equation). Compute 
stresses and elastic strains up to that time. 

Compute stresses and strains beyond yielding as for 
Condition II. 
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The condition at the beginning of the increment is known for each point. 
The condition at the end of the increment is assumed, for the first 
iteration, to be Condition I. I he end condition is re-evaluated during 
each iteration, using either the material yield value or the plastic- 
strain vector. For an elastic point, it is determined whether or not 
the current material yield has been exceeded. For a plastic point, the 
plastic strain vector {normal to the yield surface) is observed; an 
outward vector (x>0) implies a plastic condition, while an inward vector 
(,\<0) implies elastic unloading. 

Clement Nodal Forces - The force-stress relation for the BO PACE 3-D 
elements is given by Equations 3.2-5: 

Ap H = L, B • Acr dV 14.3-5) 

n J v ai a 

where V is the element volume, B is the strain-dis.olacement matrix, and 
a. are the element nodal forces. 

Global Nodal Unbalanced Forces - Incremental global forces, AP, are 
obtained from the incremental element forces, by adding nodal contribu- 
tions from all elements and applying coordinate transformations. The 
global unbalanced forces, f-P, are then determined by subtracting these 
computed (internal) incremental forces from the applied (external } 
incremental loads : 


SP. = (Ahead ) ^ - AP i (4.3-6) 
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4.4 IMPROVING THE SOLUTION 


The basic global relation for Incremental forces and displacements 
corresponds to the element relation 3.2-8: 

fi p i = K0*j AQj (4.4-1) 

Where the incremental global displacements aQ are the total physical 
displacements (including thermal, elastic, plastic and creep effects). 
KQ* is the elasto-plastic tangent stiffness (Jacobian) matrix for the 
increment. 

In order to Improve a given displacement configuration, the displacement 
corrections 6Q corresponding to unbalanced forces e»P, are obtained in 
BOPACE by solving a set of linear equations of the form 

6 Pi = (4.4-2) 

The matrix is also a Jacobian (tangent-stiffness) matrix, or some 
approximation to the Jacobian, but is used for displacement corrections 
rather than a one-step solution for the displacements of the entire 
increment. The purpose of this section is to discuss the procedure for 
relating Equations 4.4-1 and 4.4-2, and describe BOPACE options for 
updating the Jacobian. 
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Procedure - In the iterative BOPACE approach, the only qlobal solution 
employed is the displacement-correction relation 4.4-?. The best 
approximation for the Jacobian is 


K J a K el + K pl (4.4-3) 

OJtUAilNAL PAGE IS 
Of POOS QUALITY 

Where K el and K pl are evaluated at the end of the current load increment 
using Equation 3.2-8 with the respective material matrices D and D p 
(see Equation 2.5-6). The effects of change in elastic properties 
^D e and AD P ), as well as the effects of thermal and creep strains, are 
computed at the integration point level by the algorithm of Section 2.6, 
and accounted for by the unbalanced forces. Thus Equation 4.4-1 is 
satisfied in an iterative fashion. 


Updating the Jacobian - In order to account for possible large-scale 
elastic unloading of the structure under cyclic load conditions, one or 
more initial iterations are performed for each load increment using only 
the elastic portion, K e1 , of the K J matrix. Succeeding iterations use 

the total K J matrix. 


Initially the K J matrix is taken to be the usual elastic stiffness 
matrix for the structure, with elastic properties evaluated at the 
fabrication temperature. Whenever convergence is not achieved within a 
specified number of iterations, the Jacobian matrix is updated. BOPACE 
allows five options for updating the matrix K J and/or its component 
matrices K e ^ and K ,p ^ : 
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Jl 1) Use only elastic matrix K el with no updating. This option corres- 

ponds to the constant-stiffness residual-load method, and is most 
ffective for problems with small plastic strains and elastic 
properties which do not vary much with temperature. 


0 1 

2) Update only K . This option is best for problems with small 

plastic strains and elastic properties which vary considerably with 
temperature. 


3) Update only . This option is best for problems with large 
plastic strains and elastic properties which do not vary much with 
temperature. 

4) Update total matrix, but not its component matrices. This 
Option may be used for problems with large plastic strains and 
elastic properties which vary somewhat with temperature. 

5) Update both K 1 ^, and K e ^ and matrices. This is the most effec- 
tive option for problems with Targe plastic strains and elastic 
properties which vary considerably with temperature. 
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4.5 SUMMARY OF BOPACE SOLUTION METHOD 

An outline of the BOPACE solution method is given in the flowchart of 
Figure 4.5-1. In step 1, the Jacobian is initialized to the elastic 
stiffness matrix, based on elastic properties at the fabrication temperature. 

At the start of each load increment (step 2) the residual forces «-P are 
set equal to the increment of applied loads. Also, if any residual 
forces remain from the previous load increment, these are added to tvP. 

The estimate for incremental displacements, aQ, is set to zero. 

The iteration loop involves successive improvement of the solution, by 
solving for displacement corrections using the unbalanced forces and the 
Jacobian, and then recomputing the unbalanced forces corresponding to 
the new displacement configuration. The displacement corrections are 
determined in step 3, and in step 4 the improved incremental configura- 
tion aQ is updated by addition of sQ. Although convergence of this 
iterative process is usually quite good, BOPACE has a feature for modify- 
ing the process if convergence is not occurring. This involves using 
only a specified fraction of the computed correction, e.g., aQ •<- aQ + 0.5 «Q. 
This would increase the numerical stability but could tend to slow down 
convergence . 

In step 5 the strain-displacement relations are used to compute the 
total incremental strains As from displacements aQ . In step 6 the 
thermal strains are subtracted from total strains to give the elastic+ 
plastic+creep strains required for the calculation of stresses. Step 7 

4-T2 



ITERATE UNTIL ER ROR NORM IS SMALL 













involves the major iteration algorithm, in which the strain is separated 
into elastic, plastic and creep components. Stresses are determined 
according to the algorithm of Section ?.6, and the corresponding unbalanced 
forces are computed. 

If the maximum allowable iterations have been exceeded, step 8 is used 
to update the Jacobian matrices according to the specified updating 
option. The Jacobian update is based on the current estimates of the 
yield surface and flow parameters for each integration point at the end 
of the present increment. Iteration is stopped when a residual error norm 
(determined by a ratio of residual forces to applied forces) is sufficiently 
small . 
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LINEAR EQUATIONS 


5.1 LINEAR EQUATION FORMATION 

Single Element - Figure 5.1-1 shows a linearly elastic spring. It is 
defined by its nodal points 1 and 2, and its stiffness coefficient, k 
( foree/di spl acement ) . Forces F. x and displacements u are assigned to the 
nodes as shown in the figure. It is then desired to determine the stiff- 
ness matrix for this element. To do this consider all possible displace- 
ment modes which the spring is capable of experiencing. 



Figure 5.1-1: ELASTIC SPRING AS A FINITE ELEMENT 


For example, 
a. u-j = 0, u 2 f 0 

For this ease it is clear that Fxg must be an applied load, while Fx-j is a 
reaction. Also, u ? is an unknown displacement. From the definition of k, 


k 



or Fx£ = ku 2 


Equilibrium of forces gives, 
Fx 1 = -Fx 2 
b. u-j t 0, u 2 = 0 
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This is the second (and final) displacement state which the spring element 
can undergo. Conditions are now reversed from those which applied in the 
first case; that is, Fx-, is now an applied load and ^ are unknown displacement. 
The applicable equations are therefore, 

k = or Fx 1 = ku 1 

U 1 


and 


Fx^ - -Fx-| 


Now assume the superposition of the individual displacement modes. Then 

u i 0 and uo t 0. From cases (a) and (b) above it then follows that, 

1 i - 


Fx-j = ku-| - ku 2 


Fx 2 = -ku-j + ku 2 
or in matrix form, 


( Fx l f 

“ k -k 

("i 

1 ( _ 


\ 

1 

) Fx ?\ 

-k k 1 

• I u 2 

i L ) 


o r simply, 

if) = 

[K] (a) 



(5.1-la) 


(5.1-lb) 


In this equation [K] represents the element stiffness matrix. It is seen 
to relate nodal displacements and corresponding nodal forces. The most 
important characteristics of a finite element are represented by its 


stiffness matrix. 
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Assembl age of Spr i ng Elements - Consider now an assemblage of spring 
elements as shown in Figure 5.1-?.. Nodes are given as 1, 2, 3, and 4. 
The elements are connected to each other at the nodes. Each spring has 
a different stiffness as designated by the constants k a , k b , and k c . 

It is then desired to find the stiffness equation for this assemblage. 


k a k b K e 

OOOOdW '-o 

Figure 5.1-2: ASSEMBLAGE Of FINITE SPRING ELEMENTS 

Nodal forces are Fx i , i * T , 2 , 3, 4 and the corresponding displacements are 
simply u^ . All possible displacement configurations for this system can be 
obtained by superimposing the four basic states. These occur as each node is 
displaced in turn, the other nodes in the meantime being held fixed. As in 
the ease of the single element these displacement states can be imposed on the 
assemblage. The relevant force -displacement expressions can then be written 
for each case as follows: 

a. u-j / O.u^ = 0, 1 = 2, 3,4 

Only spring 1-2 is strained. Fx ] can be considered an applied load and Fx ? a 
reaction. NO forces are carried through to nodes 3 and 4. Hence, 

k a - III ®r FK] = Vi 

U 1 
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and by equilibrium, 


Fx 2 = -Fx-, = -k a u 1 

b , u 2 1 - 0, u i ■■ 0, i * 1, 3, 4 

Both springs 1-2 and 2-3 are now strained. Fx ? is the applied load. Reactions 
occur at nodes 1 and 3. No load carries through to node 4. Let, 

Fx 2 = (Fx 2 ) a + (Fx 2 ) b 

so that, 

k , (fXj), _ k - 

a ' 1-2 

then , 

F* ? ■ (k a + k b ) u z 

while, 

Fx l = ■‘■ Fx 2^a = " k a u 2 
Fx g = -(F* 2 ) b = ' k b u 2 

c. u^ t- 0, u- = 0, i = 1 , 2, 4 

This is similar to case (b). By a similar calculation it follows that, 

Fx 3 = (k b ♦ k c ) u 3 

Fx 2 ' - k b“3 >nd Kx 4 * " k c“3 

d. u Z |^0,u i = 0,i = l,2,3 


1 


1 


This is similar to case (a). Hence, 

Fx 4 = k e w 4 and Fx 3 « -* c « 4 

e. w i / 8, i 5 1. 2 - 3 > 11 

TMs is ttw general case, it is obtained by •= upuri -i.po ■ <wg the first f""r 
cases. Collecting terms from the [.revioos force-displacement equations yields, 


F *1 

= Vi " V? 


Fx^ 

= “Vi + (k a + K b ) u 

2 * V: 

Fx 3 

= - k b ul 2 + (k b + k c } u 

3 - k c u 

Fx 4 

B - k c w 3 + k e B 4 



In matrix form, 
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The assemblage stiffness matrix is shown in Equation 5.1-2a. Note that 
.its order (4 x 4) is governed by the number of distinct nodal displacements 
which the assemblage can experience. Some other important features about 
fK] are as follows: (a) it is a square, symmetric matrix; (b) the stiffness 

matrix for an assemblage is only snarsely populated with non-zero elements 
and these can be banded along the main diagonal; (c) the sum of elements in 
any column (or row) is zero; (d) the stiffness matrix is singular or the , 
determinant of [K] vanishes. These properties are important aH except 
for (c) are generally true for any problem*. They will be referred to from 

time to time in this document. 


A useful form for writing a stiffness matrix is shown in Equation 5.1-3 
The matrix is the same as previously given in Equation 5.1-?a. 


u 2 


u- 



k a " k a 

0 

o 

[K] = 

~ k a (k e + k b' 

- k b 

0 i 


o - k b 

'K + V 

~ k c 


0 0 

~ k c 

kc J 


(5.1-3) 


Note the c the column of displacements {ul in Equation 5.1 -2a has simply 
been turned into a horizontal position and written above the columns making 
up m- fetually iquatiqn 5.1-3 is sufficient tor ^ 

stiffness equation since the order of terms in the force column fF) must 
agree with that given for 'ul. See Equation 5.1 -2a. 

* Vector sum of "forces" are zero; however moment terms require products 
of moment arms and forces in the moment equi librium equations. 
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Fortunately a simple, direct procedure exists for forming the assemblage 
stiffness matrix. In other words it is not necessary to use the procedure 
just described for the spring assemblage. Instead the total assemblage 
stiffness matrix can be formed directly from the stiffness matrices for the 
individual elements. 


Assemblage Stiffness by Superimposing Element Stiffnesses - It can be 
shown rigorously and is here demonstrated for the assemblage of Figure 
5,1-2 that superimposing the stiffnesses of the component elements 
will yield the stiffness matrix for the assemblage. It is this pro- 
cess Which characterizes the direct stiffness method. 

Prior to superposition a simple preliminary step is necessary; namely, to 
Increase the order of each element stiffness matrix to that applying to 
[K] for the total assemblage. This is done by simply adding columns 
of zeros (plus corresponding rows) for each displ acement Inapplicable to 
the given element. For example, for spring 1-2 of Figure 5 . 1 - 2 , 
displacements U3 and U4 are irrelevant; hence, 


" *a “k a I » 0 

I 



0 0 I 0 0 


0 0 ! 0 0 
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Summing the element stiffness matrices is new seen to lead directly to [«•] 
for the assemblage as given by Equation 5.1-2a or Equation 5.1-3. In 
carrying out this superposition the 2x2 non-vanishing parts of the 
element stiffness matrices are seen to lie along the main diagonal as 

i 

illustrated by Equation 5.1-4. As a result the tendency of the gross 
stiffness matrix to be sparsely populated by non-zero elements, which are 
banded along the main diagonal, can be appreciated, this face is important 
in the numerical calculations which lead to the solution for the unknown 
displacements, particularly for large problems. 
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Shaded areas in Equation §,1-4 represent regions where element stiffnesses 
overlap and hence jointly contribute to the gross stiffness. Non-zero 
terms lie inside the three boxes labeled Ka, Kb, amd Ke respectively. 

Forming the assemblage stiffness matrix may be regarded as the key to the 
stiffness method of solution. The procedure as illustrated above for 
carrying out this step is well suited to machine operation. The 
computer determines the individual element stiffness matrices and then 
combines these to form the gross stiffness matrix. 

Special Equation S enerati o n Figure §.1-3 shows two triangular plates 

connected at a single node. 



Figure 5.1-3: TWO PLATE ASSEMBLAGE 


C_G 


The two plates are defined by their nodal points 1, ?> and 3, and 3, '1, and 
5. Forces Fx and Fy, and displacements u and v, are assigned to each 
node as shown for node 5 in the figure. Each plate has a 6 x 6 stiffness 


matrix as shown in Euu.ition b.!-b. 
I \ 


\ 


i ^ x 3 

Fy, 

Fx 


4 ! 


Fx, 


Fx, 


Fx, 


Ml 


\ 5 / 


a k xy 

k ll 

a xy a, xv 

Fv-j r> ^1 ') 

a, xx 
k "1 3 

a.xy 
k l 3 

a k yy 

k ll 

a t yx a, yy 
H2 *12 

a k^ 
1 j 

a,,yy 
lx l 3 


a.xx a. xy 
^22 ^2? 

a k xx 

k 23 

V y 

k 23 


a t yy 

Y ,y> 
<- •- 

a.,yy 

k 23 

a k .v.V 

k 23 

SYM) 


a. xx 
k 33 

a.xy 

k 33 




a k yy 

k 33 

tyxy 

'33 

b, XX b, XV 
K 34 K ,,; 

V- x 

j5 

b,.xy 

r 

Kyy 

^ O '3 
^ u 

b.xx b.yy 
*34 34 

b.yx 

k 3§ 

b k yy 

* or 1 
^ j 

YM) 

b.xx b. XV 
K 44 k 44 

b. k yy 

44 

b. xx 
k 45 

V* 

45 

fc,. xy 
k 45 

b k yy 

k 45 



b, xx 
* 

b k xy 

* re 


\P e 

an 


ORIGINAL PAGE tt 
OR POOR QUALITY 



(5.1-G.j] 


(5.1-5b 


!>-)(! 







Merging these matrices using superposition as described in the preceeding 
section .yields a 10 x 10 matrix for the entire assemblage as shown in 
Equation 5.1-6. Note that the displacements u^ and v-^ are constrained 
to be equal for the two elements. 

Structural discontinuity is idealized by allowing one or more of the 
displacements at a connecting node to be unconstrained in the displacement 
of the attached elements, while the remaining displacements of the node 
are eons trained to be equal . 

The equation generation procedure is modified to handle this condition. 

In the problem of Figure 5.1-3 assume that the v displacements at node 3 
of the two elements are constrained to be equal, and the u displacements 
are constrained. Merging the elemental stiffness matrices of Equations 
5.1-5a and 5.1-Sb for this condition yields am 11 x 11 matrix for the 
entire assemblage as shown in Equation 5.1-7. 

£.2 SOLUTION 0F EQUATIONS 

Introduction - The stiffness equations can be written in matrix form 
as shown in Equation 5.2-1: 

(F! = [K] IQ] ( S .2-D 

where I FI is the force vector 

[K] is the stiffness matrix 

(Q } is the displacement vector 


The solution of Equation 5.2-1 generally involves a mixed set of known and 
unknown forces and displacements . Traditionally the approach has been to 
reorder the equations collecting the known and unknown forces and 
displacements such that Equation 5.2-1 is rewritten in partitioned matrix 
form as shown in Equation 5.2-2: 


\ F k / _ 

|\ \ _ K 21 ! 

where the subscripts are 
k = known 
u = unknown 

While this approach is efficient and yields accurate solution, the re- 
ordering nepessary is a tedious detail which should be bypassed when 
possible. A somewhat different approach is the wavefront method, which 
is efficient and as accurate as any other method. The approach it to 
decompose the n x n stiffness matrix [K], then solve for the unknown 
forces {F I and displacements iQ u '> by a forward and backward substitution. 


12 

F 22 


Ou 


j* 1 


(5.2-2) 


The solution steps are first shown here for a system of equations involving 
(only known forces and unknown displacements. Then the modifications are 
described for the general case of mixed known and unknown forces and 
displ acements . 


Solution with Known Forces 


The decomposed form of F qua t ion 5.2-1 ta'kes 


the form 

[y] T CO]" 1 C'J] tQ w ) = ff K ! ^* 2 “ 3 

w here [U] is an upper triangular matrix, and [0] is a diagonal matrix whose 
elements are the diagonal elements of ['ll- The solution is in three steps. 


1. Decomposition 

The elements of K are 


v - ^ v m r'"' y. . + u . . ID- ! U • • 
lj “ ki kk u k:j n n i.i 


(5.2-0 


Since the elements of U are obtained successively by 


row, as 


•« 


J ’ 3 kk “ki hi 

k=l 


(5.2-5) 


ij 


2. Forward Substitution 
Let Y = d“ ] y Q 
then 

i-1 

F ’ * 


J M Y k * “ii V i 


(5.2-6) 


giving 


t ’ •;! 


(F. - V « k1 V 

1 k=1 KI 


(6.2-7) 
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3. > Backward Substitution 


h • . L u ik f) k H D i! u ii q i 

k- i+l 


giving 


k ' v ’ ' 8 " l ' ik ° k 


(5.2-8) 


(5.2-9) 


Solution Of Mixed Set - For the general case where there is a mixed 

mi* 'U ,rr " 

set of known and unknown forces and displacements, the three solution 
steps must be modified. The procedure as described is for the case in 
which a single displacement (the r^ displacement) ’ s known, with the 
corresponding r^ ; force unknown. Additional known displacements with 
correspond! ng unknown forces would be treated in the same manner. 


The modified form of the decomposed matrix is given by Equation 5.2-3: 


h) 3 ^itr 1 

0 t« P rltU rn ] 

0 0 -BW 


to ri 3 



(5.2-10) 


where Q t end and F n denote known quantities. The elements of U are 
glyen by equation 5.2-4 except that no contribution from [Uj is distri- 
buted to the elements of [U nn 3. Detailed steps are: 
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1) Decomposition 

First rowv>: Compute each row (1 to r-1) according to Equation §.2-4 

and distribute contributions to later rows. 

rth row: Compute the row of l!) according to Equation 5.2-4 but 

do not distribute contributions to later rows. 

Last rows; Compute each row (r+1 to r) accordion to Equation 5.2-4 and 
distribute contributions to later rows. 


2) Forward Substitution 
First rows: Commute 


{ V s [Uj j]" 1 fF^ } using Equation 5.2-7 
and distribute to i Y r ) and { Y n } . This produces the vector 


m 


) (V r 


v(V r ) » 

} = 


'V, 

J [Y,j\ 


In- 


r^ row: 


(5.2-11) 


(5.2-12) 


.th 


The r row of Equation 5.2-3 gives the relationship 




VCl' i"'’- 


(5.2-13) 


where -[U 1r ] T {Y^ is from Equation 5.2-11 and replaces {F p ] f and 
(Y p ) is set to (Q r l and contributions are distributed forward as in 
Equation 5.2-6. 


r i 
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Last rows : 

Continue forward substitution by Equation 5.2-6 to obtain 

<V ■ rO ' 1 !«V - t«r*J T 'V - t»i«J T *v[ 


3. Backward Substitution 
Last rows : 

From Equation 5.2-8 

{ V = ^ V 1 {Y n ] 

rth row: 

From Equation 5.2-12 


{ F r ] = -[U 1r ] CY-, } + [U rr ] 1 Q r ) + tV !Q n ! 


First rows: 

From Equation 5.2-8 

,-1 


{Q-,} * [V t© n J - [u lr ] (Q r : - [%] %) 


(5,2-14) 


(5,2-1 5) 


(5.2-16) 


( 6 . 2 - 1 7 ) 
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6.0 DEFINITIONS - THEORETICAL MANUAL 


This section defines symbols used in the B0PACE Theoretical Manual. 
Symbols used in Section § (on solution of linear equations) are not 
included here, because that section uses somewhat different notation and 
is considered to be self contained. 


Variables 


a Deviatoric stress center 

c Kinematic hardening slope 

e Deviatoric strain 

g Shape function derivatives matrix 

p,q Local nodal forces, displacements 

r Isotropic hardening slope 

s Deviatoric (total - hydrostatic) stress 

u,v Displacements in x, y directions 

x ,y Cartes i an coordina tes 

A Elasto-plastic hardening parameter 

B Strain-displacement matrix 

C Kinematic hardening matrix 

D Elasticity matrix 

E Young's modulus; Global strain 

E' Basic surface normal vector 

F Yield surface function 

F c Creep hardening factor 
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F k Kinematic hardening factor 

G Tensorial shear modulus; shape function derivatives matrix 

I Identity matrix 

j Jacobian matrix 

K Stiffness matrix 

p,Q Global nodal forces, displacements 

R Isotropic hardening matrix 


T Temperature 

W Work; Integration point weighting factor 

a Stress center of yield surface 

6 Strain center of yield surface 

y Thermal coefficient of expansion; Shear strain 

e Strain 

e Displacement derivatives 

k Cumulative plastic hardening parameter 

K e Creep hardening parameter 

Kinematic hardening parameter 
x Plastic flow parameter 

v Poisson's ratio 


Stress 

Parent element Cartesian coordinate system 


Subscripts 


a,b,i . j ,k,a,m,n 


/■> w/""l 

L cT 


General _ indi ces 
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Superscripts 


0 

Start- of- increment quanti ty 


1 

End-of -increment quanti ty 


o 

Known test value 


e 

Creep quantity 


e 

Elastic quantity 


P 

Plastic quantity 


t 

Thermal quantity 


Special Symbols 


«( ) 

Residual (corrective) quantity; vir 

tual quantity 

M ) 

Incremental quantity 


( )* 

Reference Equilibrium quantity 


( ) T 

Matrix transpose 


( )- ] 

Matrix inverse 


n 

Effective quantity 


■(-) 

Relative deviatorie quantity 


z 

Summation 
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8.3 SUMMARY 0F BORAGE 3-0 INPUT DATA 

A pictorial of the B0PACE 3-D input deck is shown in Figure R.0-1. The 
input data consists of the following three general types. 

Type €: Data on the usual card file. These are data which are 

needed for each start or restart. 

Type I: Data on Tile I. These are basic structural data for a 

given problem, such as material properties and mesh data. 

They are the same for all load increments and are needed 

only when starting. 

Type II: Data on File II. These are incremental thermal-load data 

which are needed for each start or restart. 

The data included on each file are described below. Formats are consistent 
with FORTRAN IV conventions. 

G-l . Start-restart code and data file numbers. 

a. "START" if new problem, or "RESTART" if restarting. 

b. If starting give unit number for file I. 
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10PACE INPUT DECK SETUP 
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JJ 

i li 
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1'GiT START-RESTART 
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Figure mO~1. BOP ACE 3-D input Deck Setup 
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c. Unit number for file II, 

d. Unit number for output file (e.g. printer). 

e. If restarting give load increment number from the end of which 
a restart is to be made. 

f. If restarting give input restart-tame unit number. 

g. If data is to be saved for future restart give output restart- 
tape unit number. 

Format [M ,6X ,615) 

C-2. Problem 1.0. title. 


Format (20A4) . 

C-3. Program control constants (any constant left blank is assigned a 
default value): 

a. Code for system matrix decomposition and solution. This code 
controls only the method of iteration and convergence, and 
does not affect final computed results. 
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Code 1 = use only elastic matrix with no updating. 

2 = update elastic matrix. 

3 = update plastic matrix. 

4 = update total Jacobian (elastie+plastic) matrix. 

5 = update both elastic and total Jacobian matrices. 

The default code is 5. 


Maximum number of stiffness updates per load increment (in 
order to achieve convergence to within allowable residual norm). 
Default = 1 . 

Maximum number of residual -force iterations per stiffness 
update. Default = 10. 

Maximum number of initial iterations using elastic matrix (to 
account for possible unloading). Default = 2. 

Maximum allowable magnitude for elastic-plastic sum code 
YG0DE1 . Default = 2. 

Maximum number of cuts to be performed (giving new solution 
with a fraction of previously used displacement corrections) 
if residual norm is not decreasing. Default = 0. 
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g. Cutting fraction (displacement correction previous correction 
times cutting fraction). Default =0.5. 

h. Maximum allowable error norm. Default = 0.001. 

i. Fraction from end of increment to evaluate stress vs. plastic- 
strain slope in forming plastic stiffness. Default = 0.1. 

Format (6I5/3F10.0) 

1-1. Number of materials and fabrication temperature. 

Format (5X,IS,1QX,F10.O) 

1-2. Material property data for each consecutive material, 
a. Material number 


Format (110) 

b. Three consecutive temperaturedependent property curves (thermal 
strain, elastic modulus, Poisson's ratio). For each curve 
point give temperature and value, with points in order of 
increasing temperature. User has option of from 1 to 4 points 
per card. 
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Format (8F10.0) 

Blank card after last point of each carve. 

1-3. Plasticity data for each consecutive material (see Section 2.3). 

a. Material number, plasticity type, kinematic code. 

Type 1 = strain hardening (r = sum of increments of effective 
plastic strain) 

2 = work hardening (k = cumulative plastic work density) 

Code 0 = kinematic hardening is function of one parameter 

U k ) 

1 = kinematic hardening is function of two parameters 
U k , <) 

Format (3110) 

b. Temperature-parameter-hardening data, in order of Tow to high 
temperatures. For each temperature: 

Material number, temperature. 

Format (I10.F10.0) 


( ) 


I J 


( ) 
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Three consecutive hardening curves; 1) cumulative hardening 

parameter- < vs. isotropic hardening = yield surface size ( = 

average of tensile and compressive yield stresses for uniaxial 

k 

case); 2) kinematic parameter > vs. kinematic hardening 
shape; 3) cumulative parameter *. vs. kinematic hardening 
factor. Bauschinger hardening is computed as kinematic harden- 
ing shape times hardening factor. If kinematic code = 0, 
curve of kinematic factors is not given and all factors are 
taken as 1.0. Bauschinger hardening = yield surface translation 
u (= tensile - compressive yield stress for uniaxial tension 
case). For each curve point give parameter and hardening 
value. User has option of from 1 to 4 points per card. First 
point on each curve must be at yield point (parameter 0.0). 

Format (8F10.0) 

Insert blank card after each input curve. 

Blank * ard after all temperatures for a given material. 

4. Creep data for each consecutive material (see Section 2.4). 

a. Material number, creep type. 

Type 1 - age hardening (k c = creep time) 

2 = strain hardening (k G = sum of increments of effective 

creep strain) 

3 = work hardening (k C = cumulative creep work density) 
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b. Reference creep curve. For each point, the time and creep 
strain, in order of increasing time. User has the option of 
from 1 to 4 points per card. 


Format (8F10.0) 


Blank card after last point of curve. 

c. Table of creep factors, in order of low to high temperatures. 
B0PACE computes creep as creep factor (function of temperature 
and stress) times reference creep curve. 

For each temperature: 


Material number, temperature 


Format (1 10, FI 0.0) 

For each point given at this temperature, the stress and 
creep factor, in order of increasing stress. User has 
option of from 1 to 4 points per card. 

Format (8F10.0) 

Blank card after all points for a given temperature. 
Blank card after all temperatures for a given material. 
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1-5. Definition of each special Cartesian coordinate system. Each 
coordinate system is defined by giving three points which locate 
the origin, a point on the x-axis , and a point in the x-y plane. 
Two options are available to define each coordinate system as 
fol lows : 


a) Node points may be used to define the three points. In this 
case, input: 

Option (=1), coordinate system ID (integer -2 ) , node A, node B, 
node C. 

Format (II ,19,3110) 

b) Coordinates locating the points in one of the basic coordinate 
systems (Cartesian, cylindrical or spherical, as shown in 
-igure 8.0-2) may be used to define the three points. In this 
case, input: 


Option (=2), coordinate system ID { integer-2 ) , reference 
coordinate system indicator (0=Cartesian, l=eyl indrical , or 
2=spheri cal ) , ,y^,z^ ,Xg *y-g ,.Zg, x^. ,y^ ,z^ . 

Format (II ,l'9,Ili0,6Fli0.0/3F1i0.0) 


Blank card after last coordinate system. 



a) BASIC CARTESIAN X V-Z 



M CVUMORICAL R-fl-2 



Fijuf 8.0-2. Coordinate System 
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1-6. For each node: Node I .0. number, identification number of coordinate 

system to define location (= 0, 1 or 2), X-Y-Z (or R-e-Z or R-o -<t> ) , 
and identification number of coordinate system to define displace- 
ments ( — 0 » 1, 2, or other). (Coordinate identification number 0 
specifies the basic Cartesian system, 1 specifies the basic cylindrical 
system, 2 specifies the basic spherical system, and >2 specifies a 
special Cartesian system). Order Of nodes in data deck is internal 
order used to form system matrix. (See Section 10 for limits on 
node ordering and problem size.) 


Format (215, 3FH0. 0,15) 

Blank card after last node. 

1-7. For each element: element I.D. number, material number, the eight 

corner node numbers of the element in the order shown in Figure 
8.0-3, and the maximum number of intermediate nodes along the 
edges . 


Format (1115) 


If intermediate edge nodes are used, they are input next for each 
edge in the order Shown in the figure. The same number of inputs 
per edge is expected (i.e., the maximum number of nodes per edge as 
input on the previous card), with zeros used for edges which do not 
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have the maximum number of intermediate nodes. Up to three intermediate 
nodes per edge may be used, but the total number of intermediate 
nodes may not exceed 12. 


Format (1615/1615/415) 

For example, the input for the element shown in Figure R.0-3 would 
be: 


2 

0 0 0 0 0 0 

0 0 0 N 31 0 0 0 0 

Blank card after last element. 


ID TDM N 


1 


Nr Nr 


N„ N 


TO 


r-8. For each degree of freedom with a specified force, displacement or 
constraint: give node !.D. number, component number (1, 2, or 3) 

and code. The code to be given is: 

1. For specified force, the node I.D. number 

2. For specified displacement, the negative of the node I.D. 
number. 
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3. For dependent constrained DOF, the node I.D. number of 
the independent DOF in constraint. 

The default code is specified force. User has option of specifying 
from one to four DOF on each card. 

Format (4(315, 5X)) 

Blank card after last force-di spl acement-constrai nt DOF, 

1-9. Mechanical load reference vectors 

Number of vectors (for current program version must be 2) 

Format (I l'O) 

For each non-zero component of load vector: node I.D. number, 

component number (1,2,3 for X,Y,Z or R, 0 ,Z or R,0,<J>), value. (Each 
node in the system has three load components.) User has option of 
from 1 to 4 values per card. 

Format (4(215, F10.O)) 

Blank card after last value of each vector. 
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C-4. Incremental mechanical load data. 


Number of Toad increments 
Format (I 10) 

For each load increment: Maximum iterations per stiffness 
update (if left blank, value from C-3 is used), the cumulative 
factors to be applied to load reference vectors (for current 


version of program two factors must be given), creep time 
increment (if left blank, no creep calculations are made). 

Format (H0.3F10.0) 


I 1-1 .Incremental thermal load data. 


a. Increment I.D. title 
Format (20A4) 

b. Nodal thermal loads. For each specified component of load: 

Node I.D. number, temperature at end of increment. (All nodes 
are assigned temperature values, from which element integration 
point temperatures are determined by interpolation using the 
element shape functions.) Non-specified nodal temperatures 
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are taken to be the fabrication temperature for the first 
Increment; for later increments they are taken to be the 
temperature of the preceding increment. User has option of 
from one to four values per card. 

Format (4(110, F1O.0)) 

Blank card after last specified value of thermal Toad for each 
load increment. 

G-5. Blank card after last problem. 
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9.0 SUMMARY OF OUTPUT 

A discussion of BOPAGE 3-D output is conveniently divided into two 
parts. The first covers output which is primarily an echo check of the 
input data, and the second covers output results for each load increment. 

9.1 ECHO CHECK OF INPUT DATA 

Initial Output - The first page of BOPACE output for a problem is essen- 
tially an echo cheek of input items C-l, C-2, C-3 and 1-1. An indication 
is given as to whether the problem is being started or restarted. If it 
is restarted then the previous increment number is given, from the end 
of which the restart is progressing;. Next the problem I.D. title is 
printed, followed by the various control constants which are determined 
from their default values or from input values C-3. Finally the input 
data from 1-1 are printed. 


V 
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Material Properties - For each material the three curves (thermal strain, 
elastic modulus and Poisson's ratio) input in data item 1-2 are printed. 


t- 




Plasticity Data - For each material the plasticity data input in data 
item 1-3 are printed. These include the plasticity hardening type (1 = 
strain hardening, 2 = work hardening) and the kinematic hardening code 
(0, 1 for one, two parameter hardening, respectively). Following are 
groups of two or three curves given at each temperature (surface size 
(o - a) vs. cumulative hardening parameter k, kinematic hardening curve shape 
vs. kinematic shape parameter ^ , and kinematic curve magnitude vs. < if 


given) . 

PRECEDING PAGE BLANK NOT FILMED! 
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The hardening curves are input and output by order of associated low to 
high temperature. Abscissas of the curves in the first (lowest temperature) 
group are used as the basis for tabulating all curves, i.e., curve 
points of higher temperatures are interpolated to the low- temperature 
abscissas. These interpolated hardening curves are printed following 
printing of the input hardening curves. 


Creep Data - For each material the creep data input in data item 1-4 are 
printed. These include the creep hardening type (1, 2, 3 for age, 
strain, work hardening, respectively), and the reference creep curve 
shape of creep strain vs. time. Following are the creep factors for 
each combination of temperature and stress, grouped by Tow to high 
temperature. Stress values in the first (lowest temperature) group are 
used as the basis for tabulating all groups, i.e., creep factors at 
higher temperatures are interpolated to the low- temperature stress 
values. The interpolated hardening factors are printed following printing 
of the input hardening factors. 


Special Coordinate Systems - These are the user-defined direction (special 
Cartesian) systems of input data item 1-5. Quantities printed are the 
system I.D. number, definition option, and definition quantities. The 
definition quantities consist of either three node numbers, or a coordinate 
system indicator and coordinates of three points. 
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Node Definitions * The information given in input item 1-6 is printed. 
Values are the node number, node I.D., location coordinate system number 
(0 = basic Cartesian, 1 = basic cylindrical, 2 = basic spherical), the 
location coordinates (X-Y-Z, R-o-Z, or R-©-<i>), and the direction coordinate 
system number (0 = basic Cartesian, 1 = basic cylindrical, 2 - basic 
spherical, >2 = 1.0. of special system). 

Element Pefini tions - The information given in input item 1-7 is printed. 
Values are the element number, element 1.0. , material number, corner 
nodes, computed element straight-line volume, and intermediate edge 
nodes. After all elements are printed, the accumulated sum of all 
element straight-line volumes is given. The straight-line volumes 
serve as a check for erroneous node locations, missing elements, etc. 

The volumes are computed assuming straight edges between corner nodes. 

This introduces error into the accumulated sum of volumes only if 
curved edges occur on a boundary (i.e. edges not surrounded by elements). 


1 



Force - 0 i so 1 a cement - C on s tra in t Prescriptions - These are the codes given 
in input data item 1-8. Quantities printed are the node 1.0,, the 
component number, and code for each degree of freedom with a user- 
specified force, displacement or constraint. 

Mechanical Load Reference Vectors - For each input component of the two 
load vectors from input item 1-9, the node 1.0. , component number, and 
load are printed. 
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Element Integration-Point Coordinates - this data is computed and printed 
for each element during the first stiffness generation and merging 
operation. Values given are the element 1.0. , location coordinate 


system nun*er (always 0 = basic), and the three actual coordinates for 


each integration point. 


Incremental Mechanical load Data - Quantities related to input data item 


C-4 are printed. First is printed the number of load increments to be 
run. Then for each increment is given the increment number, input or 
default value for maximum nunfoer of iterations per increments factors to 
be applied to the two load reference vectors, and the creep time increment. 


The increment numbers are consecutive numbers beginning at 1 (i.e. they 
refer to increments of the current run, even though it may be a restart 
based on several previous load increments). 


9.2 RESULTS FOR EACH LOAD INCREMENT 


Thermal Loads - The cumulative values of thermal load for each node, 
given in input item II-l, are printed. A heading gives the increment 
number, and is followed by the input 1.0. title for the increment. Then 
the node I.D. and cumulative temperature are printed, by groups of ten 
nodes . 


Residual Norm Values - A residual norm computed at the end of each 
iteration is printed. The residual norm is obtained by a ratio of 
unbalanced (residual) forces to "total" forces. 
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system number (always 0 = basic), and the three actual coordinates for 
each integration point. 

Incremental Mechanical Load Data - Quantities related to input data item 
G-4 are printed. First is printed the number of load increments to be 
run. Then for each increment is given the increment number, input or 
default value for maximum number of iterations per increment, factors to 
be applied to the two load reference vectors, ard the creep time increment. 
The increment numbers are consecutive numbers beginning at 1 (i.e. they 
refer to increments of the current run, even though it may be a restart 
based on several previous load increments). 

9.2 RESULTS FOR EACH LOAD INCREMENT 

Thermal Loads - The cumulative values of thermal load for each node, 
given in input item II-l, are printed. A heading gives the increment 
number, and is followed by the input 1.0. title for the increment. Then 
the node I.D. and cumulative temperature are printed, by groups of ten 
nodes . 


Residual Norm Values - A residual norm computed at the end of each 
iteration is printed. The residual norm Is obtained by a ratio of 
unbalanced (residual) forces to "total" forces. 
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Increment Head jpg - The load increment number is printed, along with the 


increment I.D. title given in input item 1 1 - 1 . Following this are the 
mechanical load curve factors, the creep time increment, the number of 
elastic and plastic material integration points at the end of the increment, 
the number of points which have changed elastic to plastic and plastic 
to elastic during the increment, the maximum allowable number of Jacobian 
updates and the number performed during this increment, the maximum 
allowable number of iterations per update and the number performed since 
the last update, and the maximum allowable residual norm (unbalanced 
force error) and the residual norm actually obtained. 

Cumulative Forces and Displacements - These are the cumulative internal 
forces (corresponding to computed integration point stresses) and displace- 
ments for each node. The node number and node I.D. are printed, followed 
by the u-v-w components of force and displacement, u-v-w are in the 
directions defined by the nodal direction coordinate system (X-Y-Z, 

R-e-Z, or special coordinate system). 

Thermal and Elastic Strains - These are incremental and cumulative 
values ef the thermal and elastic strains for an element. The element 
number, element I.D. , and integration point number are printed, followed 
by the thermal strains and six components of the elastic strains. All 
strain components are referred to the basic global (X-Y-Z) coordinate 
system, and are given in tensor form. 
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P 1 as tici ty Res u 1 1 s * These are the incremental and cumulative values of 
the plastic work and plastic strains for an element. The element number* 
element I.D., and integration point number are printed, followed by the 
plastic work density and components of the plastic strains. All strains 
are again given in the basic global coordinate system. 

Creep Results - These are printed only if the creep time increment 
(input in data item C-4) is greater than zero. Printed creep sesults 
correspond to those for plasticity. 

Stress Results - These are cumulative stress-center and stress values 
for an element. The element number, element I.D., and integration point 
number are printed, followed by the ef recti ve value and components. 

Summarized Quant. i ties - The element number, element 1.0. , and integration 
point number are printed, followed by the elastic-plastic "code" and 
"sum code." The code is 0, -1 or +1, respectively, according to whether 
the integration point condition has remained unchanged, gone from 
plastic to elastic (unloaded), or gone from elastic to plastic (yielded) 
during the increment. The sum code gives the value for the program 
variable VC0DE1 , and is + or respectively, according to whether the 
integration point condition is plastic or elastic at the end of the 
increment. Its magnitude is an indication of the iterative tendency for 
the point to remain in that condition. Next are given the total tempera- 
ture and the yield surface size (o-«) at the end of the increment. 

Finally are printed, for both plastic and creep strains, three values of 
effective strain (incremental 77 , sum of incremental >;a~, and cumulative 7 ). 
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I'O.O SIZE LIMITATIONS 


TO. 1 GENERAL LIMITATIONS 


The following variables are used to specify maximum size limitations in 
BOPACE 3-9. The values set for these variables in the T600-00F and 
3000 -DOF program versions are given in Table 10.1-1 . 


NMAX1 = maximum number of materials 

NMAX2 = max imum number of nodes 


NMAX3 = maximum number of elements 

NMAX4 = maximum node 1.0. number 


NMAX5 = maximum element I.D. number 


NMAX6 

NMAX7 

NMAX8A 

NMAX8B 

NMAX8C 

NMAX9 

NMAXliO 

NMAX11 

NMAX12 

NMAX13 

NMAX14 

MNNPE 

B 


maximum number of points in a material property curve 
maximum number of temperature plasticity curves per material 
maximum number of points per isotropic hardening curve 

maximum number of points per kinematic hardening shape curve 

maximum number of points per kinematic hardening factor curve 

maximum number of points in a creep reference curve 

maximum number of creep-factor temperatures per material 
maximum number of creep- factor stresses per temperature 
maximum number of special coordinate systems 
required number of mechanical load reference vectors 
maximum number of load increments per run 
maximum number of nodes per element 
maximum wavefront (in nodes) 
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The maximum wavefront, B, is less than or equal to the maximum half 
bandwidth. A conservative estimate for B is one plus the maximum difference 
between node numbers on any element. For example, if an element were 
connected to nodes 3, 7, 26 and 31, then this element could require a 
value of B = 1 + 31 - 3 = 29 nodes for the wavefront. 

TABLE 10.1-1: MAXIMUM PROGRAM SIZE LIMITATIONS 


Maximum 

1500 DOF 

3000 DOF 

Core Size 

64K Words 

128K Words 

NMAX1 

5 

5 

NMAX2 

500 

1000 

NMAX3 

300 

500 

NMAX4 

2000 

5000 

NMAX5 

1000 

2000 

NMAX6 

20 

20 

NMAX7 

6 

6 

NMAX8A 

30 

30 

NWAX8B 

20 

20 

NMAX8C 

30 

30 

NMAX9 

10 

10 

NMAX10 

6 

6 

NMAX11 

10 

10 

NMAX12 

100 

1000 

NMAX13 

2 

2 

NMAX14 

60 

60 

MNNPE 

20 

20 
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HO. 2 LINEAR EQUATION SOLVER LIMITATIONS 


The linear equations solution routines have one user controlled limitation. 
This is the maximum bandwidth of active nodes during the decomposition 
of the stiffness matrix. The bandwidth is defined as the number of 
nodes following the node being processed which have non-zero terms 
associated with the node being processed. Me Tosh and Bamford [1] discuss 
this in some detail as the wavefront analysis concept. Whetstone [2] 
also discusses this concept and gives rules and procedures which can be 
used to keep the bandwidth as small as possible by proper numbering of 
the nodes. (See also the previous Section 10.1.) 

BOPACE uses the maximum active bandwidth (wavefront) to determine core 
storage requirements during decomposition. 

Let 


K = the words of storage available to equation solver (K - 22,000 
for the 1500 00 F version, K = 67,000 for the 3000 00F version) 

N = the number of D0F per node (a constant for each node in the 
analysis, with N - 3 for BOPACE 3-D) 

B = the maximum active bandwidth (see Section 10.1 ) 


TO-3 




T * & +1R* $ + 4 

n = b * imm 


Then -the f-ol lowing two equations must -be satisflefl- 


T < 1000 

'SS 


P©J2-l3 


*>|+t4 2*N 2 *M + 6*N 2 ■+ T (10.2-2) 

These definitions are provided in case larger problems were to be fan, 
and the additional core requirements were available. To run problems 
within the current program size capabilities, the user needs to be 
concerned or% with the l imitations defined in Table TO. 1-1 . 
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n.O PROGRAM FLOW AND RESTART OPTIONS 


The major steps accompli shed during a BOPACE run are shown in the program 
flow summary of Figure 11.0-1, 

Steps 1-7 accomplish the initialization of basic variables (program 
control constants, material data, mesh, and load vectors) and incremental 
variables, and the formation of merged and decomposed elastic stiffness 
matrices. These steps include reading of input data in the ease where a 
new problem is being started, or reading of the input restart tape in 
the case of a restart. If data is to be saved for a future restart, 
steps 9-10 write the basic variables and elastic merged and decomposed 
matrices onto the output restart tape. In step 11 the Incremental 
mechanical load data, including load factors and creep time increment 
for each load increment to be run, are read. 

The remaining steps involve the incremental and iterative calculations. 
Updating of the Jacobian matrices in step 23 is performed only when con- 
vergence slows down, and in general this occurs only once per increment 
or once every several increments. 

In step 26 the computed incremental variables are written onto the 
output restart tape, if a future restart is provided for. This allows 
the user to later request a restart from the end of any such load 
increment. 

mmmm u m N0I ^ 


CAUL READRS FOR 5TARf -RESTART 
CODE AND FILE UNIT NUMBERS 
" 1 - — $ 

± 

GALL RE ADO FOR BASIC 
CODES AND CONSTANTS 



CALL SRTAPE TO READ ELASTIC 
STIFFNESS AND DECOMPOSITION 
FROM INPUT RESTART TAPE 


NEW PROBLEM 


CALL BIGS TO READ BASIC AND 
INCREMENTAL VARIABLES FOR 
INPUT RESTART TAPE 


CALL BIGS TO INITIALIZE VARIABLES 
a) GALL INPUT SUBROUTINES TO INITIALIZE BASIC VARIABLES: 
READ1 FOR BASIC CONSTANTS AND DEFAULTS 
READTM FOR MATERIAL PROPERTY DATA 
READTP FOR PLASTICITY DATA 
REA0TC FOR CREEP DATA 
REAOC FOR SPECIAL COORDINATES 
READM FOR MEW DATA 
READ* FOR DOF SPECIFICATIONS 
READS FOR LOAD VECTORS 

b> INITIALIZE INCREMENTAL VARIABLES 


I 


7 MERGE AND DECOMPOSE ELASTIC STIFFNESS 



CALL SRTAPE TQ WRITE ELASTIC STIFFNESS 
AND DECOMPOSITION ONTO OUTPUT RESTART 
TAPE 


CALL BIGS TO WRITE BASIC VARIABLES 
ONTO OUTPUT RESTART TAPE 


CALL READ4 TO READ INCREMENTAL 
MECHANICAL LOAD DATA 


Figure 11.0-1. Program Flow 
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Figure 1 1.0 - 1. Program Flow (Continued) 
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12.0 BOPAGE 3-D ERROR MESSAGES 

BOPAGE 3-D uses the FORTRAN STOP codes described in this section to 
indicate error conditions which may occur during execution of the program. 
Certain errors also generate a printed error message, in order to aid 
the user in locating the source of the error. 

Errors fall into two categories, those due to the problem definition or 
user input data, and those caused by a program or machine malfunction. 

Errors due to a machine malfunction rarely occur and in these cases a 
rerun of the problem will usually eliminate the error. If an error 
recurs and help is needed in correcting the problem, contact a BOPAGE 
programmer for aid. have available a listing of the input data, the 
printouts of the runs which failed, the input data deck, and a description 
of the problem. 

The following are explanations of the error STOP codes, listed by subroutine 
in which they occur. 

READRS 


9999 Normal program exit caused by reading final blank card 
after all problems are run. 


101 Non-positive value input for a required tile unit number. 

PKBCEMNG PASS BLANK NQ g HUM 
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READ! 

202 

READTW 

301 

302 

303 

304 

305 

REAOTP 

401 

402 

403 
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Illegal value input for number of materials. 


Wrong material number input on material property card. 

Number of points input for material property curve exceeds 
maximum 

Non-positive value input for modulus of elasticity. 

Value input for Poisson's ratio is less than -.99 or 
greater than +.49. 

No points input for a required material property curve. 


Wrong material number input on plasticity type-code card. 
Illegal plasticity type input. 

Illegal kinematic hardening code input. 
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404 

405 

406 

407 

408 

409 

410 

411 

READTC 

501 

502 
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Wrong material number input on plasticity temperature 
card . 

Plasticity temperatures not in ascending order. 

Number of temperatures for a material exceeds maximum. 

Hardening point defines non-positive yield-surface size, 
or negative kinematic value. 

Number of points input for a curve exceeds maximum. 

No points input for a required curve. 

First point input on a curve has non-zero abscissa. 

No curves input for a required hardening description of a 
material . 


Wrong material number input on creep type card. 
Illegal creep type input. 
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Number of points input for a creep reference curve exceeds 
maximum. 

No points input on the creep reference curve for a material 

Wrong material number input on creep temperature card. 

Creep temperatures not in ascending order. 

Number of creep temperature factors for a material exceeds 
maximum. 

Number of creep stress factors at a temperature exceeds 
maximum. 

No creep stress factors input at a temperature. 

No creep temperatures input for a material . 


1 .D. of special coordinate system exceeds maximum. 



!C) 


l . 


READM 


COMPaNV 


C) 


701 


Mesh node I.D. exceeds maximum. 


s'. 

it- 

\< : 

i- : ' 


702 I.D. of a node location coordinate system not equal to 0, 
1 or 2. 

703 I.D. of a node displacement coordinate system exceeds 
maximum. 

704 Number of input nodes exceeds maximum. 


10 


705 NO nodes input . 


711 Element I.D. exceeds maximum. 


■ 


712 Illegal value input for element material number. 


713 Illegal node I.D. on an element. 


714 Number of input elements exceeds maximum. 


715 


No elements input. 
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716 The next element references an illegal node number. 

717 Number of nodes per element exceeds the maximum (20), 
on the next element. 


REA02 


801 Illegal node 1.0. for a force-displaeement-eonstraint 
specification. 

802 Illegal component number (not equal to 1. 2 or 3). 

803 Illegal force-displaeement-eonstraint code. 

804 Constraint specified with dependent (already constrained) 
DOF. 

805 Constraint specified between DOF on same element. 


REAP3 


901 Number of input mechanical load reference curves not 


equal to 2. 


902 


Illegal node 1.0. on a mechanical load. 
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903 Illegal component number (not equal to 1, 2 or 3) on a 
mechanical load. 

904 Load input on dependent DOF constrained to DOF with 
specified displacement. 

READ4 

1001 Number of load increments exceeds maximum per run. 
REAPS 

1101 Illegal node I.D. on a thermal load. 

Linear Equation-Solver Routines 


5011 I/O Error during merge. Program or machine malfunction 
during the merging of the elemental stiffness matrices to 
form the global stiffness matrix. 

5021 Bandwidth too large for decomposition save array. The 
bandwidth is too large for the amount of core storage 
allocated (see Equation 10.2-1). Corrective action: 
remember the nodes to reduce the bandwidth . 
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S023 '‘No rdecomposttslon twrttttehs avail-able. Program or - machine 
,ma l*fjunobion .-during .decomposition . 

5Q2;4 ^c.oiWftSltition rnpjde root : in .aetws node array . -'Program or 
machine maif unction (during decomposition . 

5031 'Scratch array ’too -smaflil *f or solution .work . Program or 

machine imaiif unction (during ^forward -end '•backward substitution. 

'SOftl -rn:lega!l saye tape I/O operation -command . ’Program or 

machine mat-function in rreadfing «or wri ting the (Checkpoint 
tape ■ 

'5042 tliltegasl imatrfi^ type. Program .-or machine malfunction in 
reading -or ^writing the (Checkpoint tape.. 

'504:3 flililegafl saye jt^pe '.defined tor save 'operation.. 'Program <©r 
.machine maffunction in reading tor \wnjit5img the ‘Cheokpo'i'nt 
tape,. 

50511 targe 4eoonipositifPn »pot ,awaStabtl(e. The bandwidth is too 
Tange to $pil\ve the problem 'using ih-oone decomposition.. 

See Equation TO. 2-2. Corrective action-: -Reduce the 
bandwidth by renumbering the nodes or reducing the problem 
si^e. 

ORIGINAL PAGE IS 
OF POOR QUALITY 
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14.0 EXAMPLE PROBLEMS 

The example problems provided here are intended to aid the user m 
understanding the BOPA.Ct 3-0 results and in setting up his problem input 
data. I he problems in Section 14.1 serve to demonstrate and check out 
some of the general B0PACE 3-0 capabilities, including temperature- 
dependent elasticity, and plasticity and creep. One of these problems 
is again used in Section 14.2, but is analyzed using an 8-element mesh 
which includes midside nodes and curved boundaries. Section 14.3 provides 
a simple problem with a distributed leading which results in non uniform 
stress and strain within the element. 


PRECEDING PAGE BLANS NO^SSffll 


(. ) 

14-1 


] 


THE 




COMPANY 


14.1 GENERAL CHECKOUT PROBLEMS 

Plane Stress with Combined Hardening - The basic characteristics of 
B0PACE combined hardening are shown i>n Figure 14.1-1 for a uniaxial 
(special ease of a plane-stress or 3-D) problem. Figure 14.1-1A gives 
the assumed monotonic stress-strain hardening curves. The size of the 
yield surface is defined by the isotropic stress (= average of tensile 
and compressive yield stresses), while the Bauschinger kinematic hard- 
ening is defined by the difference between the total stress and the 
isotropic stress. Thus the hardening is completely kinematic out to a 
strain value of 7.0 (elastic strain = aft = 4.0, plastic strain = 3.0), 
after which there are equal amounts of isotropic and kinematic hard- 
ening. For an actual material, these curves would have been determined 
from cyclic test data. 


A resulting cyclic stress-strain curve is given in Figure 14.1-1B. The 
IS load increments were chosen so as to result in the exact n~e points 
given in the figure insert table. Note that the hardening parameters 
(k and K k ) in this example were based on effective plastic strain rather 
than on plastic work, because it makes the relationship between the 
monotonic and cyclic curves more readily apparent. 

This problem may be used as a test problem for BOPACE 3-D by applying 
appropriate boundary conditions to a 3-D brick element, so that it 
provides a uniaxial or plane-stress problem. 


14.1-1 


(A) MATERIAL STRESS-STRAIN CURVES 



(6) STRESS-STRAIN RATH UNDER LOAOING 


Figure 14. 1-1. Uniaxial Tett Problem for Cyclic Combined Hardening 
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Plane-Strain with Additional Options - The plane-stress problem just 
described was altered to illustrate the use of several additional BOPACE 
3-D options, including temperature-dependent elasticity, creep and use 
of two prescribed load vectors. 

A BOPAGE 3-D plane-strain checkout analysis was performed using the 3-D 
brick element and loading given in Figure 14.1-2. A listing of the 
input data and the printed output results are included at the end of 
this section. 

A summary of the problem is provided by Table 14.1-1. The 15 increments 
correspond to those of the previous plane-stress problem. The values of 
incremental plastic strain, stress, effective stress center, and yield- 
surface size given in columns 2-5 of Table 14,1-1 were kept the same as 
those of the plane-stress problem. The stress is equal to the product 
of the temperature-dependent elastic modulus (column 6) and the elastic 
strain (column 7). 

The creep strain listed in column 9 results from the material creep 
definition of Figure 14.1-3. There the reference creep curve for a 
strain-hardening material is assumed as shown in (A), while (B) defines 
the creep factor F e as a function of average stress level during the 
increment. The creep strain may be determined using the average stress 
level (column 10 of Table 14.1-1), the creep factor (column 11) and the 
specified creep time increment (column 12). 
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In addition, the Z-load strains given in column 13 and thermal strains 
in column 14 were imposed. (The Z-load strains were imposed by applying 
appropriate factors to the displacement loading #2.) In order to keep 
the results simple and exact (all numbers in Table 14.1-1 are given 
exactly), the Z-load and thermal -strain values were selected so as to 
give zero normal stress in each increment. For example, in increment 11 
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Because the imposed Z-load strain also equals -0.3, a zero value results 
for the normal stress Ojj. Thus it may be noted that this example can 
be used for either a plane-stress or a plane-strain checkout run. 


The prescribed displacements shown in column 15 were determined from the 
various components of the total strain. For example, again in increment 
11 ; 
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(A) ASSUMED SHAPE FOR REFERENCE CREEP CURVE 
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EFFECTIVE STRESS (ff) 

(B) ASSUMED DEPENDENCE OF CREEP FACTOR ON STRESS 

Figure 14. 1-3. Creep Definition for Plane-Strain Checkout Problem 
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ELASTIC DURING THIS INCREMENT 


SPECIF I'BiU 6'A'X. N3>. ST>TFFNt5S -UPDATES -* 3,- NO.- -UPDATES— PER-F0RM6R— =* l ““ 

SPcCIF IED TAX. NO. ITSRATICNS PER UPDATE * . 10, NO,. ITtPATIUNS PERFORMED SINCE LAST UPDATE - 

SPECIFM D ,4, AX. UN E'AiLANCE D- FORCE ERROR * 0,. 10006-06,, ACTUAL ERROR = 0.50 0 36 -06 

6 


CU W ULA7 - IVC INTER N AL TO R CES AND 01 S PLACE M E N T S 


«* NUDE •'* *** •*****«»♦**«* PURGES *+**'•>****»■**■***•* 

NOt — f ,TH U V ^ " 


,,*«*******.« DISPLACEMENT s *«>»•**»*.**. 

— U V- A*- 


1 


3 

-5- 

6 

7 

- 8 - 


l -0. 71681716-07 -0.62699956 00 -0.78807536-06 
■2 0. 117 7 3 106 - 0 7 - — 0. 6 2 6 999 5 C 00 0.7 8 000126 - 0 6 - 


0. 62 3 1051 E -06 
0.2 5 1700 9 6 - 05 


3 0. 7C 767666-07 0.6269596E 00 -0. 78B0596S-06 

6 -0. 71O28016-O7 0.62699366 00 -0.78802366-06 

s >0. 72366 906-07 — 0.6269993^09—0. 78600726-06- 

6 0.72719796-07 -0.62699936 00 O. T83075-*? -06 

7 0. 71797936-07 0.6269993? 00 0. 7B80236E-06 

a— a. 709 3282 6-07 — 0.626999 26-00 — 0-. i 


0.26 806596-05 
0.33282086-06 

-t>~. O— — 

0.2082 1096-05 
0 .26 66 65 16-05 


0.0 

-&»e 

0.27999996 01 
0.2 7999 99E 01 

“ 0.0 

u.o 

0. 279yS‘99E 01 
8. 2 79 9 9 996 - 0 6 


0.0 

■OnrO- 

0.0 

0.0 

o.-» 

0.3 

0.0 


t 

4 






-6LS.4EIW 
HO. 1.0. 
L ' 


PQ JHT 

1 


6 

7 

9- 


f NT £Sft.» 

P i.7 1 NT- — 


POINT 

i 

-7- 

j 

4 


-l-N&ft&©fH'TA4r- 
THERMAL STRAINS 
0.5000E 00 
G.5GOGE-GO 


U.-50OOE 00 
o.soooe no 
-0. 5000C— 00- 

o.soooe on 

Ov 5G00E oo 
— 45# SOO^TE' 00- 


XX 

G.IT88E-06 
-.<',<,lt-92S-06~ 
0. 17B8E-06 
0. U 925-06 
— 0 .17 Sfle — 06- 
0.11 ?2£-0a 


YY 

0.256 36 -05 
-0#-2-563P—05- 
0.25611-05 -0.1 

O.2563E-0S -0.1 

— 0 » 2563P— 05 — — 0 ,-l 
O . Z ' SnBF-OS - 0 . i 
0.2563E-O5 -0.1 


T - H +.' Juj . uX '. H . f . x - Si -'* 

X Z YZ 

- 0.293 TE— 06 0.3U466-17 


0. 1763E-06 
-9. U9 2E-06 0-. 25fe3r— 05 0.-1 


192E-05 
192E-0 5 
19 2 E- 
192E-05 
192 E -05 
13 2E~0Z>~ 


-0.24*56-06 -0.3052F-06 0. 59456-17 

-0.29656-06 -0.1080F-06 -0.15916-16 

P.-37-1 5t— U 7 0# 2© 3- 7 c — 06 0 .61266- 1-7- 

-0. 3715E-U 7 -0.1139c- 06 -0.1219E-16 

-Q.45J4E-07 -0. iiV92r-f)6 0 .c2d2c-17 

_G-#45-i-4&-n-7 -0 r-HM>G6— Ofe -0-rl -S-H-E-l-fr- 


CUMUl A 71 V 6 

-THERMAL STRA 1 N 6 - 



0.30001 00 
0.3000E 00 

-0. -30001- 00 

0. 50006 00 

0.6000E QO 

- n.flonoE oo — 
o. boooe oo 
0.801-0E 00 


CUMULATIVE ELASTIC 
XX - YY It 

— o . 30 0 of on o.iogop 01 -o.‘ , oooe on 

-0.3000E 00 0. LOO Of 01 -0.30002 OO 

— 0 . 30006 - DO 0 . 1 LUMP - 0 1 0 » 60007 — 00 — 

-0.3000E 00 0. 1000- 01 -0.50005 00 

- 0 , 3000 = on o. lfimiE 01 -0. 3-ooo£ oo 


STRAINS *»*»»'"> 
- - XY X 




0 .31566-03 
0.5 1566-03 
-©-.-29-1-36 
-0.20126-00 
0.1 3736-06 


n. 19066-03 0 . 

0. 122h = -09 -!). 

1 r ft-6c — 03 — ■ — -©■, 

0. 2 7 66c -09 -0. 

0 . l -! 0 far - 0 fl 


-0.3015GE 00- 
-0.3000E no 
-0.3000E 00 


■O.lOilOE- 01 0.30006 00- 

O.lOOJt- ul -0.3000E 00 
O.tWOOF OL -0.3000E 00 


0»1 373tr-na 0. 12 2 6i — 09 

O.1505E-O3 -O. l*34r-0» 

■0. 1505E-O3 -0.2766F-09 


V Z 

1692 
5 7 70 
9 Cj-r3 
7 8 36 
1 536 
t, 7 70 
9 73 1 
7 636 


-16 
= -l6 
—1-7- 
E-lb 
- lo 

e- 16- 

‘ - 1 7 

z- 16 


PLASTiC WG R-K /.NO STRAINS 


INCREMENTAL 
PLASTIC WORK 
D-. -1 12-5 6 — 0-1— 
O.U25E 01 
0. 1 125E 01 
— 0 .-1-1-2 54 — Gl— 
0. 112 5F 01 
0.U25E 01 
-9, 1125E Ul- 
0. 11Z5E 01 

_ AI-l-VE- 
PLAST1C NDRX 
0. 112 5F 01 
-0.1 12 56 01- 
0.11256 01 
0.11Z5E 01 
— 0 .1 1 2-56 — 0 1 
0. 1 1 2 5 C 01 
0. 112 3E 01 
-0, 1125F 01 


** *.< InCREMENi AL PL A S TIC 

XX YY ll 

— 0-.-2& 0 Oe — 00- D. 5000E- 

-0.2500E 00 0.5OOOF 00 -0. 2500E 00 

-0.2500E 00 0.5000F 00 -0.2500: 00 

— — 0 . 25-0 06 — 00- 0 , 5 non- — 00 G-»-r'50U-6 — 0-G- 

-0.2500E 00 0.50032 00 -9.2 5006 00 

-0.2500c 00 Q. 5n00fc 00 -0 . 2500: 00 


STRAINS 


XY 

0. 65936-.. 7 
0 .6990L-OT 


xz 

8574 
0.32°3?-07 
0.B324F-O7 
n _ T.iinoP-f)7 

Ul j 1 r " T» I UN 


YZ 

6-.i-b-rf5-6- 

-0.3 5 54 6- 16 
0 . 39*76-1 7 


-0.25OOE- 00 — 0.5000=- 00 0.25096-00- 

-0.2500E 00 0.50036 DU -0.25906 00 


0.1LO 66-07 0. 85 73r -07 

0.1 Ul6f -0 7 0.32 c 3P-0 7 

-G. 1-2646-07 -O. “t)2#r-0t- 

0 - 1 2o4c-0 7 0.3M99F-07 


0. 53476-17 
-0.55546-16 
- -0.5 306 6-17- 
-0 .40626-16 


VY 1 1 

0.5 00OF 00 -0.2 5U0r 0 0 

• SOOOi— 00 — -0. •'5PDE- 
0.500.1= 00 -J.25DOE 00 
0.50006 00 -0.2500E 00 


.tlthti i L-C — f * r . I i 


XX 

-0.2500E 00 

0.-250OE-0O— 

-0.2500E OO 
-v). 25006 00 

0,-23006 — 00 0.5000ft — 09 -S-.250U6— 00- 

-0.2500E OO 0.5000c no -0.25002 00 

-0.25006 00 0.5000= 00 -0.25U0? 00 

0 . 25 not 00 — 0 . snoot - 00 0 . 25 UJ ~~ 00 ~ 


-tNi 

A Y XZ 

0.63936-0? 0.65786-07 

0 . *9-936— 07 0-C-32-93E—0 

0.69906-07 0. R824E-07 

0. 69396-07 
— O , - 1 - 1 — ll 8 1 . t —?' 


YZ 

0.38856-17 


0.39a 7' -17 
0.30S9F-07 -0.40a2£-i6 

©■*-057-66F-«7 0 .6 3 - 4 74—1-7- 


0. UQ8E-07 
0.12646-07 
-0,1 to/ 


0.3293E-07 
0.48246-07 
v-3<P99r — 07 - 


-0. 35547-16 
0.3 -s tl 55-17 
— 0 . 4 8 62 — 1 6 


CUMULATIVE STRESS QUANTITIES 


ELEMENT 
NO.. 1.0. 
i *- 


1NTEGR. 
PC I NT 
1 


5 

6 

— 7- 


8 

— JiNT egr=» — 
POINT 
1 

2 

3 

4 

5 


EF FECT I'VE 
STRESS CENTER 

H3r50<W> 

0. 5000E 00 
0. SOOdE 00 

0. 50.)O=~O0- 

0. 5000? 00 
0.5000? 00 

O. S00*>6 -00- 

0. SOOOE 00 


6 

7 

-— B- 


-EFFcCTiVF- - 
STRESS 
0.2 5 00 E 01 

0. 2SOOE 0I- 

0.25,)0E 01 
0.2 5 OOF 01 

0. 2500? 01 

Q.25'00 1 ? 01 
O.2500E 01 
0 . 2&OOF — 0>V- 


»**, t » ****tUMULAT I V? 

XX 0 .33 JX 0 0 Or 

-0.1667E 00 0.3333F 00 -0. 

-0. 16676 00 0.3333F 00 -0. 

-O. 166 7F 00- — 0,6333?- 00 *0. 

-0.1667= 00 0,3333? 00 -0. 

-0. 106 7? OO 0.3333? 00 -0. 

— O, it, e 7F- 00 0. 33 life- -00 -O » 

-0..1667E 00 0.3333F 00 -0. 


XZ TZ 


STRESS CENTER ********* 

i*i?€ -OO — 0 « <. 2<i26 -e^ — o. s Ti BE - eT ®»****f ** 

0.21956-07 -0.2369E-16 

0. 5H83F-0T 0.28956-1 7 

BC 16 

0.5T18E-OT 0. 32316-17 

I), 21 9 Sr -07 -0.2 3a 9 1 - 16 

2S3S r-l-T- 


1667E 00 0.4262E-07 

166 TE 00 0.4660E-07 

1 66 7E-0O 

1667E 00 0 • 7 38 7? -08 

166 7‘E 00 0.7 38 7E-08 

66 76—00 0.843O? 

1 6u Tc 00 0 ..843OE-O8 


0.?»ofc---OT -U.2 7113 c- 16 


*+■>»** -CUMJtAT I'VE -STRESSES— 

XX TV ZZ 

0.2F66E-06 0,2500= OH -0. 31526-05 0 

— 0.. it 6fcc-0*r 0.2 5006- 01 0.-3 


*■*-*-- 


0. 2HL6E-06 
0. 2866F-06 
— O. 2SfcbE-06 
D . 2t 6 6E- 06 
0 . 2316 65-06 


0.2500? Oil -0.31526-05 -U. 

0.2500F 01 -0. 3152E-05 -0. 

0.2 500? Oil- 0 . 3 1526-05 0. 

0.250iV OH -O.3152E-05 0. 

0. 2 SlVflF. OH -tl . j 1526-05 ~0 - 


0.. 26 666—06 O.25O0f^-Ol 0.31 526-05 0 * 


XT 

6 069 £-03 

,6t*69t-Hl0 

5 aOOE-08 

56006-08 

2640F-O8- 

2640F-03 

289 3E-0 8 

.28936-03-- 


XZ 

0. 3b65F-08 
-fl i-25 5-6; — 09- 
-0. 3239F-08 
-.0. 552OP-09 


Y Z 

L>. 32 5>E -16 
hi 502- — 1-5- 
0.1 J94--16 
-0.15075-15 


-O. 3f-a5F-08 0.2 o47--l6- 

0.2356F-09 -Oi* 1 302 E- 1 5 
— 0,. 32J9E-08 0.1H71--16 

-0. 4 VPOF-09 0. 1 50TE-1 5- 


1 

ro 


CREEP WURK AND STRAINS 


ELEMENT 
NO.- -1.0.- 
1 3 


INTEGR. 

— POINT- 
1 
2 


4 

5 

-6 

7 

8 


INTEGR. 

POINT 

2 

3 

4 


5 

6 

— 7 
3 


INCREMENTAL 

-CREEP -WWRK 

0.112 5? OH 
0.11 25E 01 

0,11 2 56—01- 

0.1125? 

0. 1125? 

Oi. n?5F 

0). 1 129F 
0. 112 5? 


01 

01 

01- 

01 

oi 


CUHULAT 1 VF 
CREEP EOPK 

0.11286-01- 

0.1125? 01 
0, 1125E 01 

0. 112 36 01- 

0.1125= OH 
u. 1125E 01 

0. 1125F 01- 

0.1125? 01 


1 4 *<• * ♦ *' * * *■+ * * * 

X X 

-0.2500? OO 0.. 

-0. 25 00E 00 O'. 

-0.25 00? -00- 0. 

-0.2 50 Or 00 0. 

-0.25.00? 00 0. 

-0.. 25 00c 00 — 0, 

-0. 25 00? 00 0. 

—0.2500? 00 O 


. * INCREMENTAL CREEP STRAINS 

YY Z-Z *7 

50.10? 00 -0.2500= 00 0..6393F— 07 

5000? 00 -0.2 500 fc 00 0.. 63936-07 

50OOE —00 — -0.-2-5OOE-OO- O* 

5000? 00 -0.2500? 00 O..6990E-O7 

5000? 00 -0I.2 5OO6 00 Or. 1 1036-0 7 

5003? 00 - -0. 2500? -00 0-. 1 i08E-U>7- 

5000? 00 -0.2500? OO 0.12o4?-lW 

5000c 00 -J.25O0? 00 0. 1264E-07 


**’*'*'* 9 ♦ ♦•* i **- *'*•'**•* * •*'* r * * 

XT « 

0.8 885? -I 7 
-0.35 54? -16 


O.B578F-0? 

0.3293F-07 

-Ow 8*25 8-07- 
0. 30 99? -07 
0. 65 78c -07 
-0.324 36-07 
0.882 5? -07 
0, 3099F-07 


-0. 4062 E- 16 
0.63476-17 
— 0.35545-16 
0. i a03? - 1 7 
-0.4H62E- 16 


.«*« *■ +»« 
x x 

• O'. 2500E 
-0.2500? 
-0,. 25.00? 

= 0. 25.0 OE- 
-0.2500c 
-0. 2500? 
-0. 25006 
-0.2500? 


Y» 

00- -- 0.5000? 00- 
OO O'. 500i7? 00 

oo O.5OO06 on 

.0 0 0.3000? oo- 

00 0 . 5000? 00 

00 0.5000= 00 

0 1— 0.5 000? 00 

ao o,50oo? on 


CUMULATIVE CREEP 


1 1 

-=0.2 5006 00 
-0.2500? 00 
-0.25006 00 
_=U. 2 300? 
-U..25110E 00 
-0.2500c 00 
-u. 2500E -0 0 
-D. 2500? 00 


STRAINS ’ 
XV 

— U.6 393L 
0.6393E 
0.6980? 
O,o-890t 
0. 1106? 
0.1 108? 
-0.1264? 
0.1 26 4 E 


. m .v *-r * -* * 


tl M f *« 


0 7 0.-85 78? 

■0 7 0.32 83? 

-0 7 0.8825? 

= 0 7 0.-3088?. 

•o7 0.85 78 = 

-07 0.3243c 

-07 0.882SF 

-07 0.3099? 


Y l 



_Or7 O.SHdS? -1 7— 

-07 -0.3554E-16 

-07 0.39676-17 

— Q 7 — — mlO .4062 c— 16— 
-07 0.6 34 7! -17 

-07 -0.3534?- 16 

-0 7 0.3 30b? -17 - 

-07 -O.4062E-16 




PLASTIC AN'D CREF.P STRAINS 


ELENEfiT NJ. =* l 10 » 3 

iwr E-P SUM INCREMENTAL TOTAL SliURFAbE 

pfj 0Q06— C4J3e— LertP-CRAI-URb— T4MFSRA-T-UP&— - -T-IELC— STi! 

_ _ - „ - « rti 5 .TV a AT- ,T 


*=*»* EFFECTIVE PLASTIC STRAINS *** ****-_ EFFECTIVE CREEP STRAtl 

-I-NGR E N SWT A'L— 5UK-1NC-IL. GWMWL-AWE ^L&F-EHFWT-A L— SU *-I^^-LUH Ob 

0 5000 F 00 0.5000E 00 D.5000E 00 0.5000c 00 OoDOIO.. 00 O. 

o, 50JFIE 00 0. 5000E 00 0.5000E 00 0.5ROOS 00 0.5030F 00 0. 

- 0.50 OOF OlV— 0.-50005-00- -{) .-50 00 b- OO 0-.-U00OS OU---.T -50 HLi- -00 O. 

0 500!) E 00 0.5000E 00 0.5O0OF 00 0.5O0OE l>0 0,5003c 00 0. 

a . 50 OOF 00 G . 5000? 00 G.5O0GE 03 O.SlHMJf 00 U.50JOE 00 0. 

0. 50 005-00 G.SOOOc-WJ 0-. 50005—00 iK-5i)y«c— 00 0-5000— 00 — 0. 

0. 5000 F. 00 G. 500 OE 00 (J.bOOOE Go 0.50005 00 0.503 )» 00 0. 

0.500Gb 00 0. 5I3CJOE l)-0 0.5000E GO O.5OO0F 00 G.50JU-: 00 0. 




2 G.IOOOE Oi 0.3000" 01 G.2000E 01 

Z 0.1000? 01 0.300GIE 01 0., 20005 Oi 

. 3 .... 0,. 1G00E- 01 - -(1.-3000 p 01— 0. 2000c 01 — 

2 0. IO0QE 01 0 . 30 30 G OL 0.2W00E 01 

2 0.1 OOOE 01 0.3.010'E 01 U.2G0-IE 01 

— 2— ■). 1OO0 E— 01 — 0 .30005 -01 0 .3 0005—0 1— — 

2 0.. to not 0 1 O.30OOE 01 0.2000E 01 

o 0. 1U0GE 04 0. 3000 E 01 0.2000 c 01 


0.5000c 00 O.3O10E 00 

0.5000c. 00 0.5030F 00 


50 OOF 00 
50 OOF Oil 
5UG0E 00 

■jooof no 

3000; 00 
50005 00- 
jooo- no 

3 Oil OF 00 



£27 r n 



] SC P'E.^EN T 3 

MECHAh K A'L LOAD CURVE FACTORS * 0.3550E 01, 0.0 


•CREEP TIHE--IN€-»SM€7 


N D . El AS Tie 1 NTEGR4T ICN FOUNTS = Oi, NO. PLASTIC INTEG'RAT ION POINTS * B 


0 I Nil 2 GR'A T lit N POINTS HAVE CHANGED ELASTIC 
SPECIFIED max. NO. STIFFNESS -UPDXT FS 3,-< 


TO PLASTIC, 0 INTEGRATION POINTS PLASTIC TO ELASTIC DURING THIS I NCR6MENT 
NO. -UPDATES- PERFORMED-- 0 , . 


SPECIFIED MAX.. NO. ITERATICNS PER UPDATE = 10, NO, ITERATIONS PERFORMED SINCE LAST UPDATE = 8 

SPEC IF III. -» MAX, U'lB A L A-NCE D-'F.OP C E ERROR * 0, 1000E-09, ACTUAL ERROR » 0.8T53E-05 


CUMULATIVE INTERNAL FORCES AND DISPLACEMENTS 


»* NODE •» 
NO. I .0, 


** «*'*** << .¥«• ** « FORCE S M *** ***» *v, 

0 V W 


0. 1275 306E-05 
-0, 127531 IE- 05 
-0. 127a 2XE-B5- 
Q. 1 271 1 2'SE-OS 
0. 12 193 2 IE- 05 
*0.. 121591 2F-0S 
-0.1227301 E-OS 
0. 12202965-05 


-0.7999990E 00 0. 

-0. 7599989E 00 0, 

-0.-7-595990E-00 — O. 
0.799S987E 00 0, 

-0, 7999986E 00 -0. 

-0,-79995865—00 0.. 

0.799996'6E 00 -0. 
0,.799958GE 00 -0.. 


1375993E-05 
1 3 7 5986E-05 
-l 3-75590- — 05- 
l >7 5 988E—05 
l 3 75 935 E- 05 
13 759S2E-— 05- 
l 375939 C -05 
1 37'5 990E -05 


«**„**«<••»»*'• DISPLACEMENTS *<*********** 
U V tf 

0.92 72 66 2 E -06 0.0 0.0 

-0.6008136E-05 0.0 0.0 


(7.35 71 586 1 -06 0.3599999F 01 0.0 

0.0 o.u 0.0 

— O. 5392-1 35F— 05 — ©-,0 0.0- 

-0.5029 72 IE -05 0.3599999E 01 0.0 

0 . 30ol 21 5iE— 06 0 . 3595999E 01 0.0 




CUMULATIVE STRESS QUANTITIES 


ELEMENT 

NO. I.O. 


I'NTEGR. 

POINT 


- 3-NT F GR-«- 
POINT 
I 

—2 

0 

A 

- — 5 - 


EFFECTIVE 
STRESS CENTER 
— * — — Ov-lOOO E — O-fc— 
0. lOlUJc o I 
0. 10001 01 
— o. loooeoi 

0. iOfilUE 01 

Or. 1 0 flUtc 0 1 

0. 1 000 5-01 - 

U.lOUilE 01 

-EFFECTIVE 
ST F ESS 
t!):. 300(1 E 01 

O.30POF-O1- 

II. 3000 c 01 
0. 301'0'F 01 
— ■ — 0. 3 fiOlJ'r 01 
0.30 0 0 E 01 
0.3 on OF 01 
-O.3OO0F-01- 


i.nwnx- »«.» E *CUMULATIVE STRESS CENTER ***»»*»*.»**••*♦**»*•» 
XX YY ll XY X 2 

. 33-3R£— &<} 0^6*6-72 — 00 B-.-0333-t— fH3 C 0 1 - 0. A 7 3o^ - fl? - 

. 33 33E OH 0.6 66 7F 00 -U.33J3E 00 0.330AE-07 0.17622-07 

.33335 00 0.666/F 00 -0 3333c 00 0.3530E-07 0.A2662-G7 

. 33 332 00- — 0. 666 7- 00 —0 . i' 3 335-00 Oi-35 30 E-0 7 0-.15392— 07- 

, 3333E DO 0.6667F 00 -3.3333E OU 0.41S7E-O0 O.A7 3 6r -07 

• 33 3 33 O') 0.666 75 00 -0.3333E 00 0 . 4 1 5 7f -Oo 0.1762E-07 

. 333 3c- 00 0. 6 66 7F-0O 0 .-3 3 33*5-00 «vBU 3*82—08 0.6 266 7 0 7- 

.3S33E 00 0,. 6667 c 00 -0.3333c O : 0 0. 0O3dE-OU 0.133Or-O7 


XX 

.4314E- 
. Ac 145- 
.4b 14c- 
. A 1 ! 1 AE- 
.51 5BE- 
.51 58E- 
.51 58E- 
.51 66E- 


■0 5 0. 

0 5 O. 

0 5 0. 

05 0.. 

05 - 0 . 


Yt 

3000 c 
30005 
.> 0011 = 
3 0OOE 
300 OF 
3001)5 
3 noor 

3 00Or 


ClIrlUL A T I V 5 STP5SSES- 
L! 

01 0.55076-05 t 

- 01 O i 55025-0-5 i 


XY X 7 

0.1 665 c -0 0 0 • 7 0 A 3 * - 0 7 O.x 

— O. 1 666^-0-3- It. 536 5t — IhrH fl. 7 


O. 5 5 0 2F-D 5 
0. 55022-05 
0. 55O2E-05 
u. 55O25-05 
0. 0502E-J5 
-d. 5502F-U5- 


-o . lovot-ua 
-0. 1 39irc-0d 
-0. Uilf-0 7 
-0. 1 3 3 1 r. - • I 7 
0.1 5 3 2S-0 / 
0 *"1 C 6:2 5 — O 7- 


-0.70515-07 
-fl. 675 / r - OH 
- fl. 2 'fBr-07 
fl. 53 J5E-0B 
-0.7051 5-07 
— G. 5 2 57'= -08- 


Y2 

6 7 3 ' — i 6 
o A A 5 — 1 5— 
1 2o‘ -16 
0205-15 
OAt- 16 
n.il ■ - 15 
U 3 3 : - I o 
•)2 »5— 1-5- 


PL AST ! C AND CREEP STRAINS 


EL E HE 'FT N J. = l 

(NT f-P- 

PNT CODE 
1 0 


l IP = 3 

> SUM- -HXCFEHFNT-AL- — T-G-T AL 5U 8FAG E 

; CODE TEMPERATURE TEMPERATURE YIELD SIZE I 
) 2 0.10005 01 0.A0OOE 01 ‘ 0.20005 0 1 

I 2 — O.lOP0=-0i D.4O0OE 01 -v. 2 0005 AH — 

1 7 O • 1 000 T 01 O.401OE 01 0.211005 0 1 

) 2 0.10002 01 0. 4O0UF 01 O.ZO'OO? 0 1 

I 2 - 0*. 100<*> c -O'l -O.A'XME ui 0.2000= t) ) 

) 2 fl. lO.OO 1 -' Ui G. A0OOE 0! O.2OO0E 01 

! 2 0 . 1 oOilE 01 O.AOO0E 01 0.70002 O! 

) 2 — X) . I 0005-01 0. AfiOOF - G 1 — 0 .7 000 F- 0 1— 


► »- t F FEG-T IYE- PL-A-S-T- IE— STR-AINS- -*-** — 
1 EM'EN T AL SUM 1NCR. CUMULATIVE 
. 5000 5 00 0. 1 000 E 111 0. lOCiOt 01 

. 6000 E -<.)<)- 0-^10002-01 O-r-lOllOF— 0-1- 


— ».*«■ > -EFFECTIVE GRF F-P -STkAl 
INCREMENTAL SUM INC ft. CUHUL 
0.0 11.50)0- DO O, 

0 . 0 XV. 30001—^)0 — 0 . 


.50005 00 
500 If 00 
, 5000*5 00 
, 5000 E O T 
.50003 00 


1000c 01 

, lOOflE 111 
, 101)11*5 Ol- 
. 1000E 01 
,10002 01 


0. L00OE 01 
0. 1 000 c Mi 
O. IOOOE 01 — 
0. 10OO E 0 l 
0.1000c 01 


50.105 00 — G. 10006-01— O— lOOOf- 01- 


0.50 JOE OO 
M . 5 .HO ‘ 00 

O.6.M0 a 00 

0.5J0O- 00 
O.500J1 00 
-0.5000 c- -OO 


NS-ARX-t- -- 

A T 1 VE 
,50001 00 

,5 00 Ur- 00- 
, 60*101 00 
, diOIO OU 

, 60005 00 



INCREMENT 


<i 




MOOS — 1 . 0 . i 

TEWP. C. 50000, E Oi 


2 3 5 5 - — 6 t- 

0 * 5000 0,6 01 0.5 0110 OF 01 O.5OO0OE 01 O.5OOO0E 01 0.50000E 01 0.500006 


8 

01 0. 500006 Oi 


nr£r 5 Ifl-JAt — U'J'H' -0yV36 66C — EXT— 

Rt S 10JAL NORM - 0.5 715 6E OO 

RESIDUAL NJR'H 3 0.3-339 It 00 

RESIDUAL -l1-R'M~« — 0. 55352E- OO- 

RES 1DU At N ) .»M * 0.32 7 90E 00 

RESIDUAL UU-RM 3 0.27'5-Z3iF 00 

p c S IDd 4L—ri|.Jfi“--» il„ 54-3'5-)iE— Oi— 

RlSIOUA'L NJE'M 3 0. IO3AJE-01 

RSSIOJSL <JPM - 0.5291I9F -02 

--- RESIDUAL NIFM * — 0. 393 15E-03- 
RfcS JJJA l NJiP'M - 0. 3 1C 7 AF -0 3 

RESIDUAL 3 J PM = 0. 3*. ' 2* t“Q5 

REST DUAL — rH-RM — • — 0 . 39.2 70 1— 06- 


g , 

fe) 

V6 

3/e 


O 

TTr 


H'r=r 

IfAv ^ 


-p* 


0-N-& — e-f L— G-A— P 1 H C R 6 H E N T 


I — 

tv 

GT» 


INC REMEN'T- <r— 

He CHA i It AL LOAD CURVE FACTORS * 0.5S00E 01, 0.0 

CREEP TIME I KC REM'ENT = 0. 5000F 01 

NO.- el AS WG- miROfi AT-lGW-PGl-NI-S-^ -Of NG« PLAST 1-G — tHTCG fl A T I ON 0Q1N-P5 

0 1 UTcGFATlCN POINTS HAVE CHANGED ELASTIC T 'li) PLASTIC, 0 INirGRATJQN 

SPECIE I'l J 1 AX. NO. STIFFNESS W-POeTES 3 i, NO. UPDATES PER FCIRM'F'D 3 l 


-8- 


POJN'TS PLASTIC TO ELASTIC OJiRiNG f Hi S INCREMENT 


SPECIF iea -+AX. -N5W- ITERAT IONS- P&R-DPOATe-- 10*- NO:.— I-TPRAT IGNS PEKEURHE-G-S-I-NC-t-L-ASG-UPOAT-E- 

S PEC IE It J 1AX. U J B AL A.'HEE E> - F OF C f E'R'P'Oft 3 O.10OO'F~O5, ACTUAL ERROR 3 ') .392 IE-06 


CUMULATIVE INTERNAL FORCES AND DISPLACEMENTS 


** NODE *■* 
NO. I . O'. 


FHIRCE S 


4 *-< > 4 * * *u* 4 ** 4 * * * + 
H 



0.7067 5 9-2E 
0. 70 7 368-36- 
0.3-6209' ac 
0. 3636653E 
0. 3 a 7 7130E 
0.3571 26 3c 
0.2193376? 
0. 2 19 VA 30c 


-07 — 0 • 8 750005-E 00 
-07 -0. 8 75-000 9 E 00 
• 07 — 0 .6- 75 GO 0 56—0 0 
-0 7 D. fl 7 5000-2 E 0(1 
-07 -0.e?A599oc 00 
-07 -0.3759990* - 00 
-07 0.6 75 999 3-6 ftfl 

-07 0.6 7559 5 5E 00 


-0.1060 866 u -05 
-0. 1060 6 7-Gf -05 
— 0 .95503236 
-0.9550796* -06 
0-. 11)603 716-05 
0 . I 0 o 0 -B 6 ?e — 05 
0 . 355031 . 5 - 06 
0 .555 0 3 15c- 06 


r »♦*■**» 
U 


D1 SP'l ACE ME NTS 
V 


tt - 1 *♦«*.»»! 
rt 


0.13 5221 5 E-06 C.O 0.0 

-0. 1310161 E-05 0.0 0.0 

•0-, K2 15-3(VE— 05 0.5 7 9 9 9 OPT-O-l 0.0- 

-0.25. HU2E-06 0.579O999E 01 0.0 

o . n n .o o . o 

. i i «2 1 9 6-—05 f) 0. -I 

-.7.20235701-05 9,57999996 OI 0.0 

0.2932 1906-06 t). 5799999c 01 0.0 



.,1 




( 




POINT THERMAL STRAIN'S 

1 0.7500? 00 

2 0.-7500, 00- — 

3 0.7500? 00 

A 0.7500? Oil 

5.... _ ■0.7500? 00 

6 0.75005 00 

7 0 . 750 0) 5 0 0 

8 0.75005— 00 

I'NTEGR. CUMULATIVE 

--PQifW- T-HF-P M M STRAINS— 

L III. 1 BOO? 0 1 

2 O.lSOfO'E 01 

_ -3 0. I SOO'E -0 l- 

4 0. 1 COO? 0 l 

5 0.1800? Oi 

■ 8 — -■ — * " ■■■■ — 0.1 d>0-J — ill ■ 

7 0. 1800? 01 

a 0 . leooE 01 


XX YV ZZ AT *'■ 

0. 12 5 2? -0 5 0.274 2? -08 -0.3695E-05 -0. 27A3E-0'8 -0.40SBE-07 

-0.125 2? — 0-5 0.-2 74 2f— 05 : 0v36N5?-05 — - 0.2743C 08 0 . 6 ‘.Ulfrr ~G-3 

0. 12 5 2? -05 0.27427.-05 -O.3695E-0S 0.2B16£-i>8 0.4056E-07 

0.. 12 5 25-05 0.27425-05 -0.. 3'6S5 E-0 5 J.2H13E-08 O.6817E-07 

Oi I I 3 25-05 0.3 27 87—05 — -O. 39345-05 -0 c-30 245 -0 ? 0 . 4 • > 5 dr -07 

0. 17 B8c -0 5 0.23545-05 -0.39155-05 -O.3024E-O7 - 0. Adudr-O 7 

0.11325-05 0.327B- -05 -0. 3934 E -05 0.30435-07 0.4056r-07 

-0.17 005-0 5- 


YZ 

0 .2 359 2-17 


> . £ 3 “OvS'B lo t 


0. 2ei6?-00 0.40 565-07 0.49 93 c - 1 7 

0.28135-08 0.601 73—0 7 0.2J7o-'-l6 

05-30245—0-7—0. 445di — 07 J-i 7 ia45- l 7 - 

O.J024E-O7 - 0. Adurif —0 7 -0.23956-18 

0.30435 -07 0.40805-07 0,5355 -7-1 7 

■rf-i-5 04 35— 0-7 Oi 68 1-75—07 0T i 3 7 o 1 — 1 cr- 


XX 

-0.3000? 
-0. 3 TOO? 
-0.-31.00?- 
-0. 30 0 OF 

- G . 3000? 

- 0.. 30 )0c 

- 0,. 3 30:05 
-0.. 300:0 c 


'0*60' CUMJI. 
YV - 

3 o.inn.)? nl 

3 0.1000? nl 

3 0. 1000? 01— 

3 0.. VIJT.IE 01 

3 O'. I OO'Jt 0 1 

) - 0. 1000? m 

3 0.10006 HI 

3 O'. 10011= Oil 


.ATI V? ELASTIC STRAINS 4. 4 I r .**»•**- - 

- - 27 — XV X? - 

-0 ■ 3'OOUc 00 -0.1 934 E -0 S -0.31706-07 0, 

-0.7.000? O'O -I). 19345-113 -0.65785-07 -0. 

— . 3000'?“’ 0 0 13. 1449&— Hlfi— — -l)ir3 1 f. 7r 0 7 li. 

-0.30110c 08 0.19995-0 3 0.66 8 76-07 -0, 

-0.300 0? 00 -0.36015-0 7 - 0.31 70- -0 7 0 

— 0. 31)00= 00 0 . 3'O0 1 £-07 0.66 73.6-07 0 

-0.3,000? 00 0 . 3'6 2 Oc - 0 7 0.3167,-07 0 

-0.3000? 0.0 0.3-620 £-07 0,.&5? 76-07 -0 


-0.3] 706 -07 0 , 

-0.65786-07 -0, 

— -{1. 3 l f. 76 — 0 7 O. 

0. 65 8 76- 117 -0 

-0.31 70- -0 7 0 


Y2 

22 U?-lo 
1 5 13?- 16 
1421-16- 
2.1 4 3 r ' - 16 
1532-16 
o 9335 - 16 
, l 4 16 - 16 
. c 1 ) + 3 E - 1 6 


PLASTIC XOR'K AND STRAINS 


I'NTEGR. 

POINT 

1 

2 

3 


6 

B 

-l-NTE&R. 

'POINT 

1 

2 - 

3 

4 

6 

7 

8 . . 


I NCR EMENTA'L 
PLASTIC WORK 

0. 32-50? -01- 

0.32 5 O'? 01 
0.3 2 50'F Oil 

0 . 32506- 01— 

0.3250= 01 
0,. 32 50? 01 

0,. 32 511'?- 01 - 

0. 3250E 1)1 

-CUMUl AT 1 V'E- 

PLASTIC XOF-K 
0.575-3? 01 
- 0.5 7505 0 1 

0.57505 01 
0 . 5780 E 01 

0, 5750.F 01- 

0.5780? 01 
>3. 5 750? 01 
— - 0. 5 7 50 E 01- 


, *.4 . 44 . » 4 1 
XX 

- -93. 5000E-00 — 
-0.500 OH 00 
-0.5000? 0-0 

D . Si) 00b 00 

-0. 500'OE 00 
— 0.. 5.0 OOF 00 
— 0. SHOOS 00 — 
- (J.. 50'OOE 00 


»'*4 INCREMENTAL PLASTIC STRAINS ** 
YY ZZ XV 

,1000? 01 -0.50006 -00 — -0 .2 S80E-0 /- 

,10005 01 -0:. 50 ODE 00 -0 . 2 iB'O'E-O 7 
. 1 OOilf 01 -0.5000c 30 -0. 22 72 E-0 7 

. j i)0O 0 1 -O. -50(H)E — 00 0-2 2 '7 2 L -0-7- 

.1000= OI -0. 50008 O'O -0 . 3u36'E— 07 
. 1000? 01 -0. 5000c O'O -0 .30365-07 

. 1 000 r 01 0 . 500056 00 0 . 2 u2 S c -0 7- 

.1000? Oil -3.. 5000:- OO 0. 28295-07 


i A * *1 4 *• * * '* ¥ * ****•-,■**** 

X2 Y Z 

— -0.-46625-0-7 0.2b IS t- 1-6 

-0.5918F-07 -0.1200? -1b 

-0.13 945-07 0.15 1 7 F- 1 6 

— 0. 3706^-07 0.2 047 E— 16- 

-0. 46 62 E-0 7 0. 1 3 74? - lo 

-0. 54ia c -07 -0.00055-16 

—O'. 1 3446—0 7 0 .14435-16 

0 . 3 7 06? - 0 7 -0 . 2 ,) 4 7 E - 1 6 


aiilcliiiii — CO^AOL A T -1 VE - PL-AST-l'C — -S-T-R — 1 f, S- 
XX VY ZZ XT 

, laijflc 01 0.20 ODE 01 -O.IOfiO? 01 0.2711E 

, VOOOE 01 — 0,20006 01 - -Oi. lOOOE -0-1 0.271 IE 

,10:00c 01 O.cOanF 0:1 -0. 1 00 QE 01 0. 3023 E 

.13 00? 0 1 0.2000? 01 -0.1000c 0 1 0.302 3'E 

, 10005 01 fli.20S.1F- Oil — -0,. 1000'?— 01 -G.30J7E 

.1000? 01 0.2000c 01 -0.1000c 01 -O.3O07E 

, 10'OOG 01 0.20005 01 —0.1 OOO'c 0 1 0.403'*ec 

, 1 u JOE 01 0.2000c 01 -0. 1000E 01 — 0.40345 


1 »ll. cti-l:-ll-l, » it 1. ■!». - 

XZ YZ 

-07 0.24436-07 0. 4605 £-16 

-07 — - O. 32 756-0 7 — - 0.75176-16 
-07 0. 5 J0 4? -0 7 0.24885-16 

-07 0.611156-07 -0. 4 5 25 ?- i 6 

.0 7 O'. 244 !(> -0 7 -0 .26 85 c - 1 6- 

-07 -0.32755-07 -0.i268£-i5 

-07 0. 501146 - 07 0.24441-16 

-0 7— 0. 00156 -07 0.4 525 5-16 




CUMULATIVE STR'FSS QUANTITIES 


ELcHEitT 
NO. 1. 13, 


INTEGR. 

POINT 


o' 
*• <3 


Art — 


-I NT EGP . 
POINT 
i 

3 

A 

S -- 

6 

7 

B 


EFFECT IV-E 
STRESS CENTER 
-a.-) 500?— 04— 

0.1500? 01 

0. 1 5 Otic 0 1 

0. L500F -01- 

0. 1500= 01 

0. tsooc- 01 

0. I Svi.Vr- 0 1- 

0.1500? 01 


* m v* *4 Att.* *.***6*4 vCUNULAT I VE STRESS CENTER 


-EF FECT I VP 
STRESS 
0. 3500? 

0.3? GO? 

0. 3 50 IE 
0. 3 5 GO? 

O. 3500 2 - 

0. 3500? 

0 . 3500 E 

G. 350 -0 c - 


01 

01 — 
01 
01 

01 — 

01 

01 

til — 


xx yy 

— 0. 50 O OE-0 0——0.4 OOOr-O't 
-U.5W00E OlO O.lOl'lOR 01 

-0. 50-00E 00 O.lOOOr 01 

— 0, 5000c 00 — 0. 1000? Oil 

-9.5JO0E 00 O.iGOur 01 

-0.50005 GO 0.1000? 01 

—0.50 COE -GO 


ll 

-0,500 0? GO 


t p * * « A * * *ofc cr *. » 

xl 

-G, 3+ 8- 2?— 0 ? — 


0 . 2 6 01 e — O T 

-0. 5000 E 0-0 0.260 IE- 0 7 -0.21095-0? 

-0.5000c 00 0.2 7 73-E -0 7 0.36CUE-07 

— 0 , 5 OOOr — 00 O'. 2-7 73'?— 07 0 « 2 7 7 5—07 

-0 .50006 OO -O.7525E-08 0.31F2F-O7 

-0. 5O0OE OO -G.7925E-08 -0.21692-08 

0 . 1 0.Kl? 0 L 0 .50 0Oc-G0 9. 1 74 7c— O 7 0. 380 lc-G7— 

0- 1747-E-07 0. 2 7 75c -07 


YZ 

— 0 * 2 .1 * 7 7 F — 1 hr— 


-0.50-005 00 0 . lflOtlr (I t -0.50-002 JO 

— ** » ,*».■**.:» **-*-.*»*<. ** CUROLAMV-t STRESSES- 


X X 

0. AO 12? -0.6 
— O . A > 1 25-Oc- 
0.40 12? -06 
0 . 40 l 2E- OS 
— O. A012E-O& 
-0. 8024= -06 
-0.40 1 2- - OS 


YY 

0. 3 500 F 01 
-0.3 5O.1F- t)'l 
0. i 50 JE 01 
0 . 3 50‘Tr 01 

O, 3 500c- 0-1 
0.3 500c (U 
0.3 500? 0-1 


11 

-0.4314? -OS 
— — 0 .431 4 P— 'J5 — 
- 0 . 63145-05 
-0.48145-0? 
-0. 40 i 2?-03— 


-O. 
— «}, 

0-, 

0 

— 0 , 


-0. 24.07E-0? -0 

-0.40122-05 0 


HI. 80 245—06 — ■ — 0. 3 500?- 0 1 0 « 240 7-c— 05 ■ 0-. 


AY 

32-0-8 E -0-8 
52 0-85—48- 
5 J82E-U8 
53625-08 
9 c4 5c — 1>7 
9.u 9 53 - 0 7 
4 7466-0 7 
4 7-46?— 0 7- 


- » L xt m -i. ♦ *t-i* 

XZ 

-0.85355-07 
— G. 17 7 IF— 06- 
O . US 2 73 - O 7 
0. I 7743-06 

— O, 8533c— 0 7- 

— 0-. 17 7 I F — 06 
0.85 2 7= -07 
— 0,1 -77 4f -06- 


-0.46 125-16 
0.1 loOE-lo 
— 0.56O-BE-16- 
0.1 337 r— 16 
-0.6455 E-16 
—0,1 + 31—16- 
-0 . S-tod-E- 1 b 


YZ 

0.54 71 16 

— 0.50 732—1-6- 
/. 3826k - 16 
-O.55J0Z-16 
- 0.4124—16- 
-0.1 7 32 r- 15 
0.381 3?- 16 
—G . 5 :r00-?— 1 6- 


> 

i\> 

00 


C R-F F P 40 IK AND S T R A 1 NS 


ELEMENT IVTEGR. 1 NCR? MENTAL *•*«, v-M • INCREMENTAL CREEP STRAINS * *4*6* * ► ** * * >**■».**«■•* t. *t r.«« ■ 

- •- no*, i.a, point- c-ae&p-w.GR'K- xx v* H **•— ** 

l J I 0.1625? 01 -0.25-00= 00 0.5000E 0(5 -0.25G0E 00 -0.U90E-C7 -0.2331F-07 0.13092-16 

1 0. 1625? 01 — 0-. 25-00*3 00 0.50002 00 -0.2509= 00 -O.1190E-07 -0.24592-07 -0.5999?-!/ 

5 0,-4. 625 f— 01 0 . 25 OOP — 0 0 G . 5 0O0 C -OO -9 . -25 00? — GO -9*-l- 1* 366— 07 0.4 97-l-F-GR O rt’ Srtb ?— 17 

4 D-. 1625? 01 -0.25OOE 00 0.5000? 00 -0.2500? 00 -0.1lifc?-07 0. M53=-07 -0.1U2J C -16 

5 0. 1625? 01 -0.2500= 0-0 0.300.1= WO -O.2500E 00 - 0 . 1 8 1 &E - 0 7 -0.?331f-07 0.s857?-lf 

. 1 G. 1425F-01 0-.25l')f>E- 0-0 0.50003 OO 0.25002 00 G.- 10-185 — 0-7 0i24?4f—07 0,30.0 3?- 16- 

7 0.. 162 5c 01 -0.25(102 00 0.50007 00 -0.25002 00 O.l-»14'F-07 - 0-. 69 7 1 = -Od J. 7467c- 1 7 

6 0- . 16252 01 —0.25 002 00 0.5'BOOi 00 -0.2500c 00 0. 14 14E-07 On 18535-07 -tl. 1 .12 3? - 1 6 


I NT EGR . CUMULATIVE »t*m c » = ... +, . CUMiJLATIVE CREEP STRAINS »* c*-» r *•* ** * t *** 

PC INI CR?EP WlrtK XX YY Ll XY XZ YZ 

1. O. E 7 50? - 0 l it. 5 3-00? GO 0 . 1 000? 01 0. <>00<J£- GO— — O. 520 3E-G-7 0.62-4 1c- 0 7 -O, 2 198*5— 1-6 — 

2 0. 27505 01 -0. 50-005 00 0.1000c 01 -0,5000c 3"J U,5203E-O7 0.33-42E-P8 -0. 4 1 5*45-16 

j 0. 2 7 50 2 01 -O.SJ'OOE 00 0.1000c 01 -0. 5000S 00 U.5E5-4E-07 O.8127F-0T 0.11 552-16 

— - A 1 2 * * 5 6 * 8 - - - G^-2 7 6Gg " ~ G? '* — — 0 . 61'TO‘Of? — 0G — — G ■ i 000c — Oil — G.5G0Oc— GG— - 0 * 4 854 2— G-7 ■ 0 • A l l 52 .‘*07- - -0.6 G-8 j c 1*6 - ■ — — 

5 0.27502 01 -n. 5000c 00 0.1000? 01 -0.50002 30 -0 . 7 1 0-1 E -U G G.72A7F-07 0.13242-16 

6 0.2750? 01 -0.50002 00 0. LOOtlF 01 -0.5000E 00 -0.7101E-M8 0. 3342r-08 -0.65572-16 

7 o*. 2 7 50? G! 0 , 50002 OO 0 . 1 000- - 0 1 0 . 500G2-Q-0 11 . lu 74?— 0 7 ~0« 8+2 T - — 97 O. I 1 2 7c— 1 6 — — 

8 0-.2750E 01 -0.5000E 00 3.iQ0T= 01 -0.5000? Of 0.2679E-U7 0.4952r-(lT -C. . 50 3.5 E- 16 



P L AST 1 C AND CR'EE P STRAINS 


ELEHE1T NO. = 1 IB » 3 

1ft T e-P SUM INCREMENTAL TOTAL SURFACE **♦* EFFECTIVE PLASTIC STRAINS **<r ***«' EFFECTIVE CREEP STRAINS *'* »* 

(x t-F - € 99-E— ISGOE— FE H PER ATI) RE — t-EM PHER A-T U P £ - • V -IG£B — Sl-ET: — I N ER-cM GN-T-A-fa — 5-U l-r-ENETFs E tl M UL - AT - I - V E i Wc F- EM L -N 1 -At SUM — IN E-a-i C-t)HtlL " A T -FVf 

1 a 2 C.10OOE 01 0.5000E 01 O.2OO0L 01 0. ICtOO'E G1 0,.2'OOOc 01 O.2O0OE 01 0.5000E 00 0.1330'E 01 0.1000!- 01 

2 0 2 0.100U? 01 0.5QOOE 01 0..2000E 01 O.IOOMF 01 O.20O0E 01 0.2000? 01 0. SOPHIE 00 0.1O3OE I>1 O.lOOCft 01 

3 — o — 2 -o.ioooe— 01 — o.souue-oi — 0.20000 oi o.ioooe-oi — 0 -.- 20 & 0 E— ui — 0 .- 2 000 e-o-t a. vt ode— do — ti.iojot -01 — o. lufioe 01 - 

+ 0 2 0.1000= 01 0 . 50 OOF 01 O..20OOF 01 0.1OOOE 01 0.2OODE 01 0.2000'E 01 0.5000? 00 O.IOOOF 01 0.1000? 01 

3 0 2 0.1000? 01 0.5000E 01 0..,2u.33'= 01 0.1000= 01 0.2000E 01 0.2000E 01 0.5000? 00 0.10)0- 01 O.iOOnif 01 

— - • - ft — — Q — — 2-- — 0 . 1 000=— 01 — - 0 . 50 00= —0 1 0 . 2 000= — Ol O . 1 000 F— ill — II . 2 0 O 0. G — 0 i — 0.2 0 •-) ' J c *3 i — ■ 0 . ?0 O 0*= 00— 0-. i OJ 0 =■ ~ O 1 - *} . i D 0 0 F — 01- 

7 0 2 0. I HI 00 E 01 O.5OI0OE 01 0..2OO0S 01 0.1000= OL 0..2OObE 01 0.2000? OL 0.5000= 00 0.1330? 01 O. t J'JOf 01 

a 0 2 C.lDOOt- 01 0. 50 OPE 01 0.200’)? 01 0. lOtilO? (j L 0.2000? 01 0.20001: 01 0.530 Or DO 0.10311? 01 O.WHHlr 01 
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NCOc I.O. 1 2 3 

T£MP, — 0.60G09S-01 -0.600006-01 ---«■» 60000? -0!- 


4 5 6 7 8 

- 0. 60000 1 O l- 0 . 60 00 Q fe- 04-0 .-60 0 OOS-O4--0-o-6Qt»OO^-0 1-3-^6060 0* -94- 


— NE SLD'JAb— td'fN— •— — 0. 
RcSIDJAL NORM » 0. 

RESIDUAL i.HP * 3. 

■ RES t Oil *U 90 RM -* -0. 

ft £ S I QU Al nJRM = 0. 

PFSlOJAt. = 0. 

- Rtf 5 IDU AC - N 3 RH— " — 0 < 
RFSIOOAL 4 3 HM = 0. 

RCSlDuM. jjfM - 0. 


.35218E O'O 
.HR4S0E-0 1 
. 4 36926—01- 
.16476= -02 
.&275ii= -03 
.22 1 8 vE— OV- 
. 1 15S1E-04 
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LOAD INCREMENT 


I NOPE .4 ENT 5 

^ C«EtR II Mf INC *E H3NT = 0.0 

7* nJ. ELASTIC INTESRATICN POINTS = 0, NC. PLASTIC I NTEGRA T I ON POINTS = 8 

a» 0 1 PTEOP a T IRW PCI I NTS — HAVE — C-KANGED - EL AST IE -T9 -Pi -A ST IC . 9 — iNT-^RAC-HJfL-PQHLF-S— P4-A-5-T-I-G — T O— ft-ASTTHi— BORT-NO r+H-5 l-NGP-EPc-NT 
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** NUDE *« 
NO. I.O. 


* t »»**•*#« r *■*■** * FORCES **«•.»»•*****■***•*•. 

U V V, 


*•..♦**«*■***»♦♦ DISPLACEMENTS 
I'J V W 


■Q. 364775 5E -06 -0. 1 0013000 E 01 
3. 364231 IE - 0'6 -O.IOCOOOIF 01 
C . 263652 84-07 — 0,1 00 000 14-0 >. - 
- 3. 2 7034? If -07 0.. lOnCDOOiE 01 

-3.14 16.2415-06 -0 . 1 OOO'OuOE 01 
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-0. 35 616 3 6 = - 07 0.1 60 GOODE 01 
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• ELEMENT — 
NO. I. D. 

1 3 


-I NT-E6R-. tHER-EHE-NT-A t— 

POINT thermal strains 

1 O'. 50 OOF 00 

2 a.-soeoe-ea — - 
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00 
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0. 5000= 
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0.37 5 OF 01 
O . 3750 ? - 01 - 


0. 3750'E 01 
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CUMULATIVE STRESS QUANTITIES 


ELEMENT 
MG'. 1.0. 

1 i 


tNTEGR. 

PC I NT 
i- 


TNTEGR. 

POINT 

1 


3 

4 

5 
k 
7 

—6 


EFFECTIVE 
STRESS CENTER 

OviOTWH 

0. 2000IF 01 
0.2000F 01 

0.20006 01- 

0.2OOOF 01 
0. 20001 01 

tf„ 20 u. 1 6—0 V- 

0 . ? 0 Oi)E 0 1 


__ c . F,pe f , n V c 

SThFSS 
0.2000'E 01 

0.2il00'f— 01— 

0 . 2030 ? 01 
0,.2'0n0lr 01 

O.20OOE 01- 

U . 2 00 'HE <11 
U.2000E 01 


* **»***•>: 
XX 

),66 6 7 E- 
-0. 666 7E 
-0..666 7E 
— 0. 666 76 
-0. 666 7E 
-0.666 7E 
— 0,.,66 6 7itr- 
-0.666 7E 


* M< *■*♦» *CUMUL A T I VE 
YY 

00 0 . 1313 c 01 - 0 . 

00 0 . 1 33 It 01 - 0 . 

OO 0 . 1 33 IF 01 0 

00 0.1 3336 01 - 0 . 

00 0 . 1333 F 01 - 0 . 

-00 O . I 33 3 E -01 - 0 . 

OO 0 . 133 3 ? O't -0 


STRESS CENTER 

6 l^tc oo 0- .q t o c 07 o -*:o r o a 


** *» » v* » +■* 

YZ 

i n i r 


6667E 00 
6667= 00 
,666 7F 00 
l 66 7 E 00 
,60=75 00 
6 6 6*7 = — OO— 
6667= 00 


0.2078E-07 
0.20B2E-07 
O.-20B2E— <1 7- 
•0.2A37E-07 
-0 . 2 3 3 7 E — M 7 
-0.-31 U9F—OT- 

o.3 taste- 07 


-0.50 772-07 
0.5959E-07 
-0. 70 6 75 — 07- 
-O. 56/ OF -08 
-0. 5177F-07 
-O.-SNSSt^— 0 7- 
0. 73't» 7c - 0 7 


-0.2000E-01- 


— »■_.* * * »—*■ 4'3 
XX 

-0. A3 56E-G5 
—0.31 26E-0 5- 
- 0. 43 56E-05 
- 0 » Al 26E-05 
-0.631 4 E -05 
—(I,* 50A 3E-0 5 
-O..AB LAsE-0'5 
— 0 . 6.36 3E-0'5 


euMULAMVE STR ' FSStS -^— — 

YY ZZ XY *' £ 

2000E OH -0.32096-05 -G.L9AAE-07 O- 1 ” 5F-0 7 

? Oi >,) C . oi O «- s 2 O < t &- 0 S U .- I 9 AAF - U -7 O . 17 - 5 - 71— 06 


0. 

- 0 . 

0. 

0. 

— 0 , 

Q. 
0. 
— U • 


2'GOlh 
2000? 
20(10? 
2 GOOF 
2000? 
2 0.ME- 


01 

0.1 

01- 

01 

01 


-O. 320SE-03 
-0. 3209 E-G 5 

-0.3668E-0S- 
-0 . A 35u‘i-05 
— 0. 3ot 8 E -05 


Oil — 0 .A3 56 E— 0 1 


0 . 1 566 = -OT - 0 . 151 RF -07 
0 . L 56AF “0 7 0. 178 7c -Ob 

-0. 2 165F-06 0. I 9 3 5F-U ? 

- 0 . 2 lA 5 . f -06 - 0 . I 75 7 .--06 

0 . 21 A 5 F -06 - 0 . 19 iaF -07 

- 0.2 1 A 5 E— Oo o . 17 67: — 06 


—Or 
- 0 . 
0. 
- 0 . 
0. 
- 0 . 
— (V. 
- 0 . 


t*- 
5SAAF-16 
l T2'lt-16 
72 80- — 16- 
20 2 7 6- 16 
5 1 8 7 = - t'6 
i 6 -y35— 16- 
7 2 dO'f - 16 



PLASTIC AN 3 CREEP STRAINS 


ELEMENT NJ. = 1 10 * 3 

!f , T -.A— P SUM -f-NCREMSNT At- TOTAL-—- 

PoT CODE CODE TEMPS RATWRE TEMPERATURE 


1 

-2 — 
3 

-* 

5 — 

a 

7 

- a — 


- 1 

— 1 „ 
-l 

- L 
-l- 

- I 

- 1 
— I- 


-L O.IOOOE 01 
4 — — 0 .-l OOOt — 01 — 
-l O.IOOOE 01 
-1 0. 1000F 01 


0.700UF Cl 
0.70001-011- 
0.7000F 01 
0.70006 01 


-1 - O. lOOOfc 01 - 0. 7000E 01 
-1 0. LOOOF 01 0. 70 OU F 01 

-1 il.lOOOc 01 0.7 000 c 01 


— SURFACE 

YIELD SIZE 
0.2000= 01 
-0.20006-01- 
0.2000F 01 
0.2 0006 01 
0.2000F 01- 
0 . 20005 01 
0.20006 01 


- t . n * I 0OJF-U-1 0. 7'0OOF -01 — -0-2000E- O l 


c. 

INC* 

0., 

O. 

0 

0. 

— 0 . 
0 , 
O' 

Q, 


SP-F-EC-T-I-VE- PLASTIC -STR-Al NS — — ***** — E-FFEC-T+V E 

EMENTAL SUM INCH. CUMULATIVE INCREMENTAL SUM 
,i> 0. 3OO0IE 01 0.2000E 01 0.0 

(V O ,-30006— 0-1 U-.-3'OuQ E— 0 1— — D- ft 0 


0, 3000c 01 
0.30001 01 
-O'. 3000c -0 1 
0.3000E 01 
0, 3000E 01 

-O.JtiOOi— 01 


0.3000c 01 J.O 

0 • 3000 E 01 0.0 

— 0.3000E -01 O.tR — 

0.30 00 E OL 0.0 

0.3300E 01 0.0 


tic EP 
i n: p . 
io jor 
-i oooc- 
1030" 
10006 
1 000 C* 
lu in 5 
tOJJt 
■ 030 S~ 


- sthmns -**-- 
CUMULAT I VE 
01 0. lOUOf 

0. 100 dp 
0. lOOJt 
o. laovii 
<1. 1 00 Or 
0. 11)001 
0. 10011,- 
0. 1 3 00 F 


01 
0 1 
01 
fll 
01 
01 
- 01 - 


01 

01 

01 

OL 

01 

01 

Oi 

01 



— 


INCREMENT 7 

NODS - -I .B :, 1- 3- } i t 5 & 4 g 

TEMP. 0.5W00E 01 O.54G0OE OH 0.54000c 01 O.S4O0OE 01 0.54000E 01 0.54000E 01 0.54000c 01 0.54000E OH 

■■ft t S-IDU ab — »— — O-i:? 3 ft6Hr£ — OO — — _ . ___________ _________ . 

RESIDUAL ,JRM = 0.134366 00 

RESIDUAL 10 RH =■ 0.13'6J3£ 00 

RES ! du al 4 I f-*— * 0..9-a'4 i4E-QT ~ — 

R-SlOJiAL IJ'PK = 0.7C155E-01 

RESIDUAL NORM = 0 .4 T 454 E -0 1 

P = s t O'JAL-4 J-W-- 0 . 346 55 s — OH — 

residual = v. eh iSE-oi 

P. :• 5 1 )JAL N j -t'P * 0.. Ho 7 4'Sf - 0 1 

RESIDJA'L lUnP • 0.1 1 S37f-0l 

Kc S IiDU *L N J'RH * 0. 14 3 i 3iE -0.8 


END 0 F LOAD INCREMENT 


INCREMENT 7 

MECHANICAL LOAD CURVE FACTORS = O.tOGOE 01, 0.0 

-CHEEP TIME- INC-MEM6NT— » Or . 

NO.. ELASTIC INTEGP..VT IiGN POINTS = 0., NO. PLASTIC INTEGRATION POINTS = 0 

1'^i.iPATIGN POINTS HAVE CHANGED ELASTIC TO PLASTIC, 0 INTEGRATION POINTS PLASTIC TO ELASTIC DURING THIS INCREMENT 

-SPEl Ir III D TAX., — N-Jn— 5-T f F+Ti E-S-S - fc HH DA T -E S — Ot— N&« - UPDAT E S P Eftr O HM CP ■ - 1 

SPECI-Ii J MAX. NO.. ITERATIONS PER UPDATE = 10, NO. ITERATIONS PER'EBR'ME 0 SINCE LAST UPDATE = I 

SPEC I r Hi J TAX. 'JNBA'L ANC1 D-FOFCE EP'R'QR » 0.1000E-04. ACTUAL ERROR = l).b433£-0a 



CUMULATIVE internal forces AND displacements 




Tl ICR H AL A N D CLASTIC STRAI NS- 


ELEMENT' — 

iO'. I . O. 

l J 


IN CRC M C N TAL CLASTIC STRAWS 


P (Ll ['NT 
1 

? 


THERMAL STRAWS 
-0.30005 00 
— 0r-3000F— 00 — 


3 

4 

~5- — 


6 

7 

"6 - 


-0.30005 00 
-0. 3000E 00 

0. 3:0005- 00- 

-0. 30005 00 
-0,. 3000*5 00 


-0.30005-00- 


XX 

, 30 006 0 0 -o 

,-30006— eo — -o 
,31006 00 -0 

. 3f 005 00 -0 

, 30605 00 0 

,30005 00 — 0 

. 30005 0 0 -0 

, 30005 — 00 0 


YV 

.10035 Ol 


tl 

0.30006 00 


XV 

0.3484E-0? 




♦♦ 

XZ 

-0.3095E-08 
0 .364 3C - 07 


VZ 

-0.13385-16 
0. 3 SSI ~ - t o~ 


. 10005 01 
.10 OOF 01 
. 10006-01 
. 100 35 01 
WOOF, 01 


0.30006 00 
0 . 3000c 00 
-0.-30006-00- 
0. 3000 E 00 
0.30005 00 


0.1371 5-07 
0.13716-07 


0. ASA 65-0 7 
0.36315-07 


-O-.-1S0U6— Oil IK-30455 — 00- 

O. 13006-08 -0. lit A 35 -0 7 

0.5 5o8E -0 8 O.6446r-07 


‘ lOO.ie-O'l O. 30005-80- 8.-55636-08 0^36 345-0-7- 


-0. >9036-17 
0.6 2 4 5 c- 1-6 
— -0 .a-0 396 — 1 7 
0.5351^-16 
-0.39695-17 
— 0.6 365— -16- 


WTEGR. 

-60 IhT- 
1 
2 


GOMWlLAT IV 5 
-THERMAL 5TRAWS- 
0.20005 01 
i). 30006 01 

O . 2 0006- 01 

0. 2000 5 01 
0 . 2Gilt-t' r 01 
■ 0.2000c 0 1 — 

o.2oO'*v5 oi 
0.20006 01 


- 0 -, 

- 0 , 

— 0. 


-0, 
-0 , 
— 0 , 
-0, 


- X X - - v V 

53666-06 0.191)75-05 

, 676BE-0 5 0. 190 75-05 

53666-06 0.- 

,67oB5-06 0.1 90 76 -US 


CtiM’lLATl VE ELASTIC 

H 

-0. 47635-06 
-0.5366c -06 


STRAWS 

XV X/ 


-0. 


67665-06 
10 1 36-0 3- 

67o8E-06 

lo 1 35-05 


0.19076-05 


-0. 53663—06 
-0 • 655 7 £-06 


0 .22205 -07 
il. 22Z0E-07 
7e4 ] 

0. 2661 £-0 7 
-0.13 /9L-ob 


0.SV8 Jr-03 
-0.1 5065- 06 
13.-3 194—0 7- 
0.1505- -06 
(I. 66H3 : - -00 


,.»••• * » 

- V l ■ - 

0.-6j65-L7 
— 0 . 2 113 5-1 7 


- 0.2061* -05 Oi. 896 1 c— 06 - 

0... 1 90 7F -05 -0.656 75 -06 

0.,2B6lc-v)5 -0.69615-06 


J. 15795-06 O. 1 506-— 06- 

0.16505-06 O'. 3199--07 

0.16605-06 0.1506.-06 


-0. 6 752 E-l 7 

0. 6507-17 
—0.10115-16 

01. 7 7 2 ) -17 
— r) .67325-17 


UJ 



plastic work 

AND S TRA I NS 





element 

NO. 1 . D. 

I NT EG R . 
PO t'NT 

I NGRlEMENTAiL 
PLASTIC WORK 

XX 

•v * » 

vv 

1 NGRE MENT AL PL AST IG 
ll 

STRAINS 

XV 

t *+' t *+'*'♦ » 

XL 

• 09 **• 

Yl 

0.0 

1 * 

2 

O.o 

o.o 

0.0 

0..0 

0.0 

0.0 

9«u 

0.0 

0.0 

0.0 

0.0 

aw 

0.0 

0.0 

-0-W 

0.0 

0.0 

0.0 

0.3 
0. J 

ow — 


4 

5 
5 

0.0 

o.o 

0.0 

— — — — 0-0 — — 

0.0 

0.0 

0.0 

0.0 

O.O 

0.0 

0 0 

0.0 

0.0 

-0.0 

0.0 

0.0 

0.0— 

0.3 
0. J 
0.0 — 


8 

0 . 0 

0.0 

— — — — — 0 — 

0.0 

— — Ul* lr “ 

0.0 

o.o 

0.0 

0.0 

0.3 


JNXE&a.. 


-GUMWl AT.1.V16- 


P'lINT 

1 

2 . _ 

3 

0 

3 

7 

— a - 


PLASTIC WORK 
0.95005 01 

y. 95005-0 V 

0. 9500E 01 
0.9500'F 01 

D. 95 WOE 

0.95005 
0.9 501)1 
O'. 95005 


0 1 - 
01 
01 
01 


... . .... Itm iti u CUXULAT I 

XX VY 

-Oi. 1500E 01 0.30005 01 -0. 

>0. 15006-01 O. 30005 -01 — -o. 

-0.15005 01 0.3000E 01 -0. 

-0.1500E Ol 0.30005 Oil -0. 

= 0 . 15 005—0 1 0 . 3 on OF- -O l "0 . 

-0, 15 OOF Ol 0.3 000E 01 -0. 

— Q. 1500E Ol 0. 30005 01 -O'. 

-0.. 15005 Ol - 0 . 3000 - 01 — -0. 


VE BLAStl-C 
ll 

1500E Ol 0 
1 5005-04 0 


XZ 


1500E 01 0 

1 5005 0 1 0 

1 500c — 04 =-0 


15005 01 -0 
15005 01 0 
1 5005 0 1 0 


XV 

.11635 
.41635 
.95055 
.93055 

.-794 tc-0 7 =0^87905- Oi 0.-7o4^16 

.794 IE 
. B3C.25 
.33625 


-07 -0.87905-07 

■ 07 -O. 1 704F-O6- 

-08 «. 114.85-06 

-08 O. 1 809F— 06 


Yl 

o, .70535-1 
--O.USlc-t 
0.31785-16 
—0.14365-15 


07 -0.17075-06 -0.2U8S5-15 

07 0.1168c -Ob 0.4 1 2 •» 5 - 1 6 

,)7 0.188 61-06 0.1 43b £-15 


. i 


— “ 




CUHULA r lVE STRESS GUANTIT1ES 


[NT EGR . 
POINT 

1 

2 

3 

5 

t 

7 

8 

— TNTE&R. 
pa:,jT 
i 


EFFECTl V2 
STRESS CENTER 

0^2000 F--l>4- 

0 . 20 OOTr 01 

0. 2600 E 01 

0.20005 OL 

o.iGooe oi 

0.20 OOP 01 

0 . 20l3<3fr- O l- 

0. 2000 E 01 

-EFFECT I V = 

ST5 ESS 
0 . 1 3582—05 

t) . 1 8 6 S tr — 0 5 — * 

O. 18585-05 
0, 15c 62-05 

0. 151 5 C — 05 — 

0 . 29432-05 
0. 151 72 - 0 5 
O'. 24492 — 96 — 


t, +» **■*»** A+»*CLMULAT [ VE STRESS CENTER »** a la** t- *.*» *. * t «»•>• * »« *<• .*»*** ; 

XX TV ll XV XI VZ 

-0.666-7E— 00 0 »-4 33^2— <H -O .-666-7-2-170 9-^207-62— &-? o .- S 42-OE— frfi 8. 3QL3 E- I 6 — 

-0.6667E 00 0.1333F 01 -0.6667E 00 0.2073E-07 -0.53772-07 -0.5946E-lb 

-0.6667c 00 0.1333-' 01 -0.6667C 00 0.2O62E-O7 0.5959F-O7 0.17205-16 

-0 . 66 6 7E 00— 0.i333E 01 9.6667E--0'0 0.20322-0 7— -O. 70 o 72-0 7 0 .72 80?- 16- ■ 

-0. tii 6 7E 00 0.133JF 01 -0.66672 00 -0. 24372-07 -0.562O2-0R 0.2027--16 

-0 . 6 b 6 7E 00 0.1333c 01 -0.66672 00 -0.24 372-0? -0.47 7 72 - 0 7 - 0 . 71872-16 

-0 . 6 o 6 7€ - 00 0 . 1 333— —01 0 . 666 7S— O0 9 , 3 1 69 t-O-f 0. 546 96-07 &. i 6 — 

-0 . bfe b 7t 00 0.1333c in -0 .660 7 c 00 O.3i84r-07 0. 73 6 7--07 -0. 72302-lb 


-0.666 7c 00 
-0.6&67E 00- 
-0. tb 6 7E 00 
-0.6b6 7E 00 


3 » *- A » tn « t 

XX VY 

. 1032E-06 0.193 

»■ L4-9U2— 06 -0 r 1 43 

.10322-06 0.198 

.14902-06 0.198 

■ Bu 245—0 7 -- 0. 191 
.22932-06 0.2T6 

. 8024E-07 0.191 

. 22 9 32—06 0,. 276 


-CUMULATIVE STRESSES 

VY IZ x Y XI YZ 

1 98 32 —08 0.1490E-U6 0. 17682-07 0..7?95r-08 G.3564--1T 

I9d 32—06 0. 10352-06- 0 .-17082—67 -0-11-602-06 -0 .2-34-s— 17- 


1983,-. -05 0. 14902-06 

1 98 If -06 ().. 10326-06 

19144-06 -—o. 673f 2-07- 

2 76 l = -0 5 -0 . 1 3 76 E -0 6 

I4l<» = -0S -0.5731 c-07 

275 l r— 06 -O . 1-37-6 2-06- 


0 .2032E-H 7 
0.2O32E-07 
— O.lOolE-Ob- 
-0. IO 6 IE-O 0 
0. 1 I 152-08 
— 0. 1 1 1 5 E— 0 b— 


0. 246 IF -97 
0. 1 l 5 85 - 06 
■ — 7) . 729 5! — 0 8 — 
-IT. 1 1 595-06 
0.7461 -07 
— 0. 1 I ARE— «ei 


0 . 6-b 8 0 - 1 7 
0.31542-1 7 
0.6 5-.-t 4— 17- 
■0 . 7 7 78 - - 1 7 
0.55 la _ - 1 7 
■0.6 1 9-. 2 — 1 7— 


PLASTIC- AN!D CREEP STRAINS 


= L 10= 3 

-£— P SUM — 1-WCrRf HEM At T0TAL- 


SURFACE 


IN' CP EHENTAL 

0.0 


P-ir CR0SE C0DF TEMPERATURE TEMPERATURE Y ! e LD SIZE INCREMENTAL SUM INCR. CUMULATIVE 1NCPENE 
1 0 -2 -0.16005 01 0.54005 01 0.2000E 01 0.0 0.3000c Oi 0.30002 01 0.0 

— 2 0 — 2— — 0. -1-6 00a — 01 5-4-0* IF — 0 ! 0*2 0 00 5 — 0 1 0 .O ■ — — 0.- 3 UU-3-£ — 0-1 ij _ 10005 01 iT.D 

3 0 -2 -0. 16005 01 0.5400E 01 0.20002 01 0.0 O.50QOE 01 G . 30002 01 0.1) 

4 0-2 - Oi. ItOOE 01 0.54005 01 O.2D0OE 01 0.0 0.3000= 01 0.3:0002 31 0.0 

5 <j 2 —0.16002 Oil — -0.5400E -01- -O.200r)fc 01-0.0 0. 3000= 01 0.3OO0E-O1 — 0.0- 

i> 0-2 - f). 1 6 (JOE 01 0.54005 01 0.200UE 01 0.0 0.3001)2 01 0.30005 01 0.0 

7 0 -2 -O.ltOOE 01 0 . 54002 01 0.20005 01 0.0 0.300OE 01 O.jOOOE CL 0.0 

■ — 0- — 1 — • — “ 2 —0. 1-6 DOS — 01 U .&400E — Oi — -0.2-0002 — 0 1 O. O — -0. 3 UOOS — 01- U -.-3 0 ( )-3 5 — Oi— — 0.0- 


>-T4-VE— GRc-iR--ST-ft AJAiS— *-*-»=» 
SUM EnCR. CUMULATIVE 
0.1000E 01 0. I 0002 01 

0-10 )3r — 01 0.1-0002 — pi I - 

0.1030* 01 0. lOOOr 0! 


0.10305 01 
>3.10)0- OI 
0.10305 01 
0 . 1 OQ i 91 


0. iOOQC 01 
(1. 10002 01 
0 . 1000 ? 01 

0.1000.- Ill 


). 1 f 0. IOOO 4-Oil 


INCREMENT 


3 


NOOc 1 2 9 5 5 b 7 * 

TEMP. 0.8OCOOE OL O.SOOOOE 01 0. 80000E 01 0. 80000 E 01 O.ROOOOE 01 0. 80000E 0)1 0. 8UOOOE Oil 0. 8Q000E 01 

- - P E S IOiML— 4 Ot8M- =>— 0^>TTS^'€-00 — . ■ 


RE SI DUAL 

NORM 

* 

0.3755 LE 00 

RE S IDJAL 

71 JiRM 

A* 

0.287 8 36 00 

RiE S I DUAL 

IJfiM 

= 

0. 520 JOE -01- 

fi t S 1 DUAL 

.OPM 

= 

0.355556-02 

R'S 1 flU VL 

.i liRM 

= 

0.5906 L E -03 

fit S I DUAL 

TIER 


-0.2 lo5 26 —03 — 

RESIDUAL 

17 R« 

3 

0. 357776-05 

*ES I0U4L 

iiJRP 

3 

0.2)6656-05 




LOAD 


NC RE HE NT 


1 NC P E HENT a 

CREEP TIME INCREMENT = 0.0 

nui. elastic in teg rat icm points = o, no. plastic integration points = a 

a I fTeGRA T I'GN POINTS HAVE CHANGED ELASTIC TO- PL AST IG . 0 t-NTcGKAHON — PQI N TS PL ASTIC— I 

SP'EClrlfc.V RAX. NO. STIFFNFSS UPDATES - 3» NO. UPDATES PERFORMED = 0 

SPEC IF II J MAX. NO. ITERATIONS PFR UPDATE = 10, NO. ITERATIONS PERFORMED SINCE LAST UPDATE 

■ S“ EC I r 16 !>- 4AX • UNH 41 ANCE O-FGR G S-^ft'ROR — « — 0.KMX)£-O 5. -A C-TU Ab— ERROR — = 


CUMULATIVE TNTER'MAiL FORCES AND DISPLACEMENTS 


‘ * NUD'E «» 

NO. I . J. 


urn'iHni'tw FORCES 
U V 


M 


»■■***« DISPLACEMENTS »»*!#»>. 

u V M 


0 • 3:67 A 1 16 L~’06 0.156,25206 00 -0.55693036-06 

-0. 3 70 72576-06 0.I5-6251 3E 00 -0.95870296-06 

-0.5, 6 9696 76 — 06 — TTi'lFbESl 3 L— 00 0 .103 05586— 05— 

0.5 7)3 3966-06 -0 . 1 5o.2 52 O'E 00 -0.102 90536-05 
0.38536296-06 0.156251 76 00 0.95870206-06 

■0. 3 6 2 7'6 3 3 f — Q 6 0. 1 56 25186 00 0.95o9 33sE-06- 

-3. 6a05iOOE- 06 -0.15625186 00 0 . 102V85U6-U5 

3.561727 1 E — 06 -0.156.2517E 00 0 . 103055 76 -05 


-0.85 71 7 776-07 0.0 

-0.59999856 00 0.0 


-o.b 0000 ooe or. 
- 0.60000006 00 


-0.7790 75 If -06 0 .5000000E 01 -0.6000000F 00 

0.0 0.0 0.0 

-O. 55999956- 00 — 0.0 0.0 

-0.59999956 00 0.6000000E 01 0.0 

0 . 3&65592E-06 0.5000000E OL 0.0 


444W1AL — 4.VB-- tt-ASJ-l-C— S4 RAINS 


- ete.'fcH.T 

ND . 1 - 0. 

1 j 


Qfe. 

V- 


-INT-ESft INCR£*6#TAL- 

POINT THERMAL STRAINS 

) — U. 1 GOQS 01 

2 0 ,-1300 E —04 

3 -o.io nos oi 

l , -0. 1000? 01 

5 0 . 1 000 5 0 1 

6 -LJi. 11)305 01 

7 - 0 .io. 0 o:- oi 

g — - 0 . 10006 - 01 


Q 

o. 

& 


. l'NTEGR « 

r -<> POINT- 


A 

,-CL 




- 


1 

2 

-3- 

5 

6 

7 

8 


CUMULAT M/I: 

-TOgWAt. STRAIN'S- 
0.. 11)00 E 0 1 
o.ioioof 01 

—U. 10 OOP 01 — — 

0, lO Oilf 0 1 
U. 1-UO'lf 01 

— —0. 100.16 o 1 — 
0.10011" 01 
0. lOOilF 0 1 


1 ^c.p.g-UvfN T A L 6 L AST-10— S-T'RAf -NS- 




* *' \ % t A 


XX 

0 . 15006 00 
-0 .-16005—00 — 
0, 1 5 O OF 0 0 
G- 15 00 E t)0 

-o. isoGE an - 
0. 1 5 0 OF GO 
0.1 5 ODE 00 
-0. 15006 o*>- 


- 0 . 

- 0 . 

-0. 

- 0 . 

- 0 . 

- 0 . 

- 0 . 

-n« 


YY 

5OO0E 00 
son.it- o.v- 
StrtOOE 00 
SOiJ.JF 00 
SOQllr 00- 
SDOilr 00 
60OOF 0(1 


H XY 

o. 1500 6 oo -a. l sa-VE-o? 

-0-^-l-SOOe- -00 -0r4-&»A6— 0-7- 

0,15006 0:0 -0.3243E-G7 


O . I 5'GOt 00 
-O. 1 5006—00- 
0. 1500E OJ 
0.15006 00 


X 7 

-0.4146F-07 
_ ^02-41-6—04 
- 0.9002c- 08 
- G. 0- U9F — 0 7 



-0.3243F-37 
-0-.-lOd5E.-06 — -0.-4 L *"6F—07- 
0 . 10IO-5E - Ob G, 82912-07 
-0, 1 0 75E -06 - 0 . °<1'0 1 1 - 0'3 


50006 00 0. 1 5006- 00—0. »TW-» o.^US5-fl7 


-0. 1 0 10E- 16 
0.3 4 64 r — 16 
— O - 1 4 5-.HF- 16- 
0 . 1 TOo = - i 5 
-0,1527^-16 
— 0 .2 -, ) 1 0—1-5- 


i i *» * 

- - X x - — 

0. 15-306 no 

o . 1 5 a OE a 0 

- <1.1 530= -30— 
0.15 JO L 00 
O. 15'0UE 00 
C. 16 006 UO 
0.15006 00 

(1 . 1 500E (kl 


—0i. 
-0. 
— 0 
-a 
-0 
- — 0 
-0 
-0 


>**. CWMJLAT I i/E ELASTIC 

YY H 

Srjl.l.lE oa 0.1500c 30 

SiOOOt 00 O. 150OE 00 

,50(106-00 3'* 1 4006—00 — 


r. on op 

SP'Otlr 

50005 

500'lr 

.50006 


00 

(10 

00 

00 

00 


0. 1 5005 
0. 15 005 
- 0, 1 5 ODE 
0. 1 500 E 
0. 1 5 (HIE 


00 

00 

00 

00 

00 


STRAINS *.*•»* 

XY ■ 

O . 6 365 E -0'6 
ll.fc it 56 -0d 
—0.00 I 
-0.6017E -0:0 
-0 . 29 25E -07 
— 0 . 24 3 Sr— U 7 
0.37446-07 
0 . 3 74 '4 £-07 


*• 


At ~ 

31 965-07 
67 ? if -0 7 
2? *.<« — 07- 
6645= -07 
2.1 SUE -07 
67735-07- 
22 94F-07 
, o645. -07 


11 

-0.1 0234-1-6 
0.1676. - 1 5 
—0.27615- 
0,2 7 65 -16 

-0. 5 >31 S 7 

- 0,16054-15 
-11. 75 47 E- 17 
() . 2 2 56 c - 1 6 


l — 
-t* 

o 


PLASTIC WOiRK A'NU STRAINS 



-{N4-£0R. 


POINT 
1 

-a — 

3 

4 

_§ 


increment al 
PLASTIC WORK 
-0,-16625-00— 
0.166.2’E 00 
0 , 15625 00 
0. 15625-00— 
0. 15o2E 00 
0, 1562E 0.0 
0 . 1 5 1- 2 £ 00— 
0. 1562'F 00 


—CUWJL AT I V5~ 

plastic rork 
0. 5656'E 01 
0,46661- 01“ 

U. 965oC- 01 
0.5656= 01 

0 .44 565 O L- 

0. 965 6F 0‘1 
0.9656? 01 
0.46565 01 


■-■**«* «M‘ 
XX 

-0. 2600E-00-- 
0.2 50 OF QO 
0.25 00= 00 
-O. 25005 — 00 
0. 2500E 00 
0.25004 on 
--G.2600E IM)- 
0.250 0E 0 3 


XX 

-0. 12 50E 01 
-O'. l.t 506-01- 



NCR'EMcNiTA.L PLASTIC STRAINS 


$ + * t «*.!.* i- «'«'•* * 

ll XY xjf 

-00-— 0 .-2500^00 0.2>O’8E-O6 -Q ^6 $ « 

00 O.250OE 00 -0.2308E-03 -0.]124=“07 

O0 0.2500E 00 -0.4T06E-0rS 

-00 0,-2 5005- 

00 11. 2 500 E CO 

00 0.25OUE 00 

flu — 0. 2.6035 00 
Oil D.2 l 5(ia , E 00 


-0. 1259E-0? 
- 0 . 12201-07 
— 0. 12 705—0 7- 
0. 12 70= -07 


-0.65 78c -04 
-0. 1 I24 c — 07 
—0.12 74^-0 7- 
0. 4:o6o 1 - 0 : 8 


*.1. -T OKaL-AT-l V E— ML-A -S T I C a 4 -R»..l NS — 


11 

— 0 .1 18 3—-1-6- 
0.4554E-16 
-0.50 14E-1 7 
26954-16 
.6 3 S 5= - 1 7 
0.514U-16 
• 5 5 5a 5— 1 7- 
0 . 2620 lC -l 6 

C-*-l 


— 0 .12 50 r 01 
-0. 1250E 01 
. — —0.12 505—01- 
-0. 1250c 01 
-0. 12 50c 01 
— 0. 12 505 -07 


0. 

- 0 . 

0. 

0. 

- 0 . 

0. 

0 

-0 


YY 

2'500= 
2 5*H»5 
2 50|) r 
2 5O0f 


11 x, 7 ** 

01 -0. 1250= 01 0.9123'E-O'B -0.86'56E- 07 

Oi O. 12505 -0 l 0.4 1 232—08 0. WW« '' 0fe 

,J,1 -0.125OE 01 0.4300E-0H 0. 1O20C-O6 

01 0.4'300E-'U8 0. 1 436c -06 

{. - 0 .-42 305—17 565—07- 

oi -o.R^suL-a? -o.i SHOE - on 
01 0. 9632'E-O 7 0. 1 1) 20 c -06 

0i 0,46325-3 7 0. 143*r—lW>- 


Ol -0. 12'60c 

2 5.rt.1T— 01 -0.1 

„2 500 c Oi -0 . I250E 
2500c 07 -0.1263c 

2 5004 01 —O'. I 2 60c 


11 

0 .6 670 r- 16 
-0^t>4e0c-16 
0. 3677 ; - 16 
-0.1 i67E- 15 

-U. 4L32-4 — 16 
-0.1674 C -15 
0.36/45-1® 
-0.11 '744-15 









CUMULATIVE STRESS QUANTITIES 


ELEMENT 
N 0 . I . D. 


INTEGR. 

POINT 


-IN'TSGR. 

POINT 

1 

3 

A 

5 

6 

7 


EFFECT IVE 
STRESS CENTER 
— — 9«-l50>3F— fli-t — 
0. 1503E 01 
0.15 OWE 01 

0. lSOUE-Ol— 

0.15 JOE 01 
0 . 1 5 0 OiF 01 

O. 1 50 V) 1 — OT — 

0. IbOOE 01 

— E FFcC T I W E 

STRESS 
0.625OF OO 

0. 62505-00— 

0. 6250 r 00 
ft. 62'50E 00 

0. 62 50E - OO' 

0...6.25OF 00 
0.62 505 00 
0. 62 >ft- - 00— 


**». + **» »*** *****CUHIWUAT IVE STRESS CENTER »*»' 

XX YY 22 XT ^ „„ „ 

- 0 . 5000 i — 00 -O.HNTOE — 01 -OrSOOOC 00 0 »lO 25 C-OT „2 „ 

- 0 . 50 OOE 00 O.lOOOE 01 - 0.50005 00 0 . 1924 F -07 - 0 . 502 7 c 07 - 0 . 

-olsooos .10 O.lOOOE 01 - 0.50005 00 0 . 1768 E -07 _^ 10 c -07 0 . 

-O. 50005 OO 0.1 OO.IE-OII — 0 ^ 50 o 0€-00 0 -.- 1 7 . 686-0 7 It * 

-0 5 . 1,005 00 O.lOOOE 01 - 0.50005 OO - 0. 324 75-37 - 0.605 4 ? -08 0 . 

- 0 . 5000 E 00 O.lOOOE 01 - 0.50005 30 - 0 . 32 S 7 E-) 7 - 0 . SO? 7 -- 07 -O. 

- 0 . 50005-00 o. 1 0005-01 0 . 50005-00 O-rtO 36 P-«Ff O. ^ * 

- 0.50005 00 0.10005 OH - 0 . 5000 = 00 O..U 36 E -07 0.7370 07 0 . 


2 ‘306 c- 16 
1 3855-10 

55865-16 — 
t o,l 5 c - 1 6 
57555-16 
i b — it> — 

.533V1-16 


... a < m + . a +-F 4 -T i ** ^ * • {HJHUtA T I V.c -S TiR£ 5 

XX TV H 

-0. 14 3 3c -05 -0.6,2 50 F 00 -0. 3725E-03 

— Uv 1 d 63 f — 05 - 0 . 6,2506 - OO 0 . 61555-05 

-O. 14335 -05 - 0.62505 00 - 0 . 37255-05 

- 0 , . 16635-05 - 0 ,., 625 JF OO - 0 . 81555-05 


CUMULA? I Vc -S TRESSES— *+* ..i-W.t 


XY 

0 . 6,1 2 0 E -Gd 
— tE.ti 12 1 ) 5 — 08 - 
- 0 . 57865-08 
- 31 ,. 5 766 F -08 


12 SOS -0'5 - - — 0 .,625. VE 00 0. 3725'E-OS 0.25266-07 


.21 4 95-05 
. 12 90 E -05 
. 21455 - 05 - 


- 0 . 6250 E 00 - 0.42 362-05 

-O.i 6 , 2 ' 50 c 00 - 0 . 37255-05 

— 0.625 34—03 - 0 . 42 985 - 0 - 5 - 


- 0 . 28265-07 -0 

0 . 36005-0 7 0 

— 0.360 vie — 07 U 


*2 

, 31 ) 75 = -i 
n65i-iHr— i 
,22105-' 
.6389--' 
, 311755- 
.6512c- 
. 22 10‘‘- 
.>6-3898- 


07 - 0 . 

07 0. 

07 - 0 . 

-0 7 0 . 

0 7 0 . 

0 7 0 . 

07 - 0 . 

•07 - 0 . 


PLASTIC AND CREEP STRAINS 


EL E, 'ISN'T NJ. = 1 I’D 3 3 

lf 4 f -g-P — SUM— INCREMENT AL TOTAL 

PUT CODE CODE TEMPERATURE TEMPERATURE 
1 1 2 0 . 26 005- 01 0.00005 Oil 

_2 i 2 3.2 6 COE - OH' — O.SOOOE — O'l- 

3 1 2 0.26C0E 01 0.800UIE 01 

i, 1 2 0.26005 01 0.80 OOF 01 


l 2 — t)j. 2 6 COE 01 — 0.00005 01 

1 2 0.26005 01 0.80005 01 

l 2 0..2 60OE 01 O.SiuiUOE OH 

_x £ 0.26005 -01 — o.aooo* --0 1 


. -SURFACE - - 
YIELD S I 2 r 
' 0.21255 01 
- 0 . 21255 - 01 - 
0.21 255 0 1 
0.2 1255 01 
- 0.2 125 c 01 
0.21255 01 
0.21255 0 1 
— 0.2 1255 - 0 l 


.g,RFgC«-Vg- 
IiNCRiPMENT A'L sum 
0 . 50035 . 00 0 'i 

0 . 83005 - 00 — 0 , 

0 . 50 vJ 9 iF 00 0 ,. 

0 . 5000 1 00 0 , 

— 0 . 5033 c 00 — O', 
0.50005 03 0 „ 

0 . 5 * 10.0 A 03 a. 
. 0 . 5030 c 03 — O 


PL-AST-l-G -STRAWS * 
1NER. CUMULATIVE 
35005 OH 0.25005 

3500 C 01 0 . 25 O 0 E 

,35005 01 U .25005 
, i 5 00 5 O l— » . 2500 c 
, 35011)5 0 1 0.2 5006 

, 35005 OH 0 . 2 5 uGE 
. 35035 - 01 — 0.2 5005 


«* 4 LS.t^££*£.GJ ]-V« CR't EP -STR AI NS *-»»•* 

INCREMENTAL SUM INCH. CUMULATIVE 

O.ft IKlOODF 01 O.lOOOE 01 

ft_tv —OvlOOOF -OH - O. 1 IIOOb-OL- 

011 O.o 3. 10 3.3 01 0 . 1300 . OH 

01 0.'0 0 . 1003 - 01 0 . IOOjF 01 

.OH -O.G 0 . 103 3 5 -01 0 . I onn. OH 

Pi o .,3 0 . 1 033 r 01 3 . lOOllF 01 

0,1 O .,0 0.1 OOM OH o. 10 OOF 0 1 

-Oil 0 . 0 - 


>i- -O. toonr oi- 


-9 


7HUL-A1-1-VE-^LHSR HAL — LOS GS— PUR— L-QA D FN& MEM6WT- 


INCREAEN T 


NCDS -! .0 . 1 2 i 4 5 * 7 a 

TEMP. 0. 90000 F 01 O'. 9 00 00 E 01 0.90000E 01 0.50Q00E Oi 0. 90000E 01 0.90000E 01 0.90000E 01 0.90000E 01 

H e S i'SHMt — ■+9PM— • — 41.34 1 3 1 -E-OO - '■ 


«ES LOU AL 

■jJiRP = 

0.351 9 TIE 00 

RE $100 AL 

U4M - 

0. 22 5 34 F 00 

R E 5 I DU AC- 

r»OPM- — 

-0. 7 7 006 E— 02 

RE S I:D J Al 

n.R'M = 

0. 109 29 f -02 

«rS!DJll 

NO PR * 

0.7627oe -03 

P-S ! >J Al- 

-. J RM — 

-0,4/31 H— 05- 


•€—♦*—& — B-f fc O A - P — l- tt - e-fr-E- H " £ - tt- T -9- 


IihGH'ESWr- * 9 

'“EE HA * It At L3A3 CURVE FACTORS = 0.159OE 01, -0. 2000E 00 

WEEP TIMS IK SE.li&NT = 0. 1G00E 02 

s — -H.J • SwA5-HG— IN T SGRA Tf G-H-PS-INT-S— - Or — N0-.-4H--A ST IC INTEG flST-f GN PO I NT S -9 — 

4. 0 ! IT i G R A TI 0IN POINTS HAVE CHARGED ELASTIC TiS PLASTIC, 0 INTEGRATION POINTS PLASTIC TO ELASTIC OJIKI NG THIS INCREMENT 

V, SPECIFIED TAX. N3„ STIFFNESS UPDATES = i, NO. UPDATES PERFORMED = 0 

1 SPECIFIES) -MAX . WO. I T F R A T I'QNS PER UPDATE 10., N&. i T-RAT10NS PER FGR-HeQ — SI N&e — L-ASTP-OPOAT-E — ■ A 

^ SPEC IF IE J "A AX. LURALANCFC-FORCE ERROR = 0. 10 DOE -04, ACTUAL FRRflrt = 0.9787E-05 


CUMULATIVE INTERNAL FORCES AND DU SPL AC EME NTS 


•• NODE M«***it**»***n rfifiCES * * ♦**»'* « lx* » » DISPLACEMENTS *•***«****»♦> 

NO. 1.0. U V » I'l V U 


1 1 0. 1964421E-05 0.312494 IF 00 -0.444 2 1 35E-05 0 . 900’ 1 636E -06 0.0 -0„2'000000r 00 

2 i -0. 196.1 £.2 56 -05 0.3124934‘E 00 -0.444 2720E-05 -Q.1994977E 00 0.0 -0 . ,200000.11= 00 

J 1-- — 0. 1542 34 5t -05- -0.31 24933E-00 — 0.4298 38 RE -05 -O . 19Q9CS&F-0U ■ H . L500000&— 01 — 0^20000008-00- 

4 ■, 0.15375I7E-D5 -0. 3124940E 00 -0.429'6S3'6E-05 -0 . 1400732E-05 0.1500000E 01 -O.2O0fH»OOf 00 

5 5 0. 1 8794S4F- Q‘5 0.M24936S 00 0. 44427 18E -0,5 0.0 0.0 0.0 

— b .. „ — 3. 1 5 76 3 7 2t- 0'5 — 0 . 3 1 249 3 7E 00 0 . 444 2 1 14E -05 0. 1999971 f -00 — 0.0 0.0- 

7 7 -3. l67o2'0flE-O5 -0.3 12'443 7'E 00 0,.-,29o9J'8iE-05 -0 . 19999B5C 00 11.150(10002 01 0.(1 

3 8 0. 1673151E-05 -0.312493'6E 00 0.42583365-05 0 . 15 71 990E-D5 0. 15000 OOt Oi U,u 


1 

-j 





i . 

^4^ - 


THCR M AL a np- clastic - 




ELEMENT- - 

nq.. i . a. 

1 i 


i-ntegr-.- 

PQLNiT 

l 

1 — 


rNC-RCMENTMr 

THERMAL STRAINS 
-0.5000E 00 
0 • 5000E-00 


3 

5 

5 


-0.5000E 00 
-0.5000E 00 
— 1>, 5000, F Oil — 
-0.6000E 00 
-0. SOWJ'F 00 
— 0.5000F -00 — 


XX 

0. LSOOE 
-0, 1500F 
U. 1500c 
0.. IbO'OE 
-0.1 5 ODE 
0. 15 00E 
0. 1500E 
— 0. 15O0E 


00 -0 
00 — -0 « 
00 -o,. 
00 -o. 
00 — -0 
00 — o. 
00 - 0 . 
00 - 0 . 


XT 

SOlWE 
S.OUOF 
5000F 
500 if 
5000 s 
SOuJE 
5 0 ODE 
SiWOr 


NCR C H C H T A t— 
ll 






11 


00 

00 - 

00 

00 


XT XI 

0.1500E 00 0. 11906-06. 0.798.66-07 -0.39096-17 

0.-1500 6-00 Or H59 £-0 6 - 0 >2 5l-3t-06 *Or£>+ r5 s -i6 

0.. 1500E 00 -0.12936-06 -0.7 1966-07 -0. 1 2966-lb 

-0. 12936-06 0.23 525 - 06 -0 .Do 51 E - 1 7 


0.1500c 00 

■00 0. 15002-00 

00 0. 1 500E 00 

00 0. 1500E 00 

■01 — — O • 1500c 00 


-O. 201 36-06 O: 76665-07 -0. 1 000'- -16 

-0.2U1j£-:>« -0.26 l it -06 -ll . >061 5-16 

0.17796-06 -0. 71 96F-07 -0. 11205-17 

— -t }-. 1*7 79 £—06 O .2 3 52 c — 06 O-. 1 1-92 = l 7 


JNTEGR. 
— -POINT — 
1 
2 


CU'MWLAT IVL 

-THERMAL 5 T'R'A INS 

0.50:006 00 
0.50O0E 00 

O. 5000c- 00 — 

0 . SOliCHE 00 
0,. 50 WF 

0. 5000 F 

0.500 Of 
u, 5O00E 


00 

00 - 

00 

00 


fMTMW»T*V CU^JL AT 1 VE ELASTIC 

- XX TV - It 

0. 30 00E 00 -0-. 1G00F 01 0. 30006 00 

0.30 OOf 00 -ll. lOftilF 01 0. 3000c 00 

-t) 

0. 

0. 311.0:0 E 00 

-fll. 

0 ,. 

0. 


STRAINS 
— - xX ■ 

0. 126 3c -06 
0. 12631 -06 




!*.#•• V . J 

- X / 

O .X 7 fi'9r - 
-0. 30 Wl • 


; ( « ~ . 


07 

06 


, 3i»00E— 00 — -0. 1 000— -01 

. 300 OE on -0. lOOOf Oil 
-0. lonof oi 


, 3000 c 00 -O’. 1 Q>Htr 01 

. 3 .J 100 E 00 - 0 .. VOO-JF oi 


0.30005-0 3- 

0 .135 3c— 06- 

1>. 

O’. 303115 IVu 

-0 . 1 J‘5 3 E - il 6 

0, 

0 . 33305 00 

-IV. 2 30 75-06 

0. 

0 * - Ot}Or - 00 - 

O • 2 30 7c^06- 

0 

a., snoot on 

0.21 5 3E- 16 

-0 

0. 30306 30 

0 .21 536-36 

0 



-06 


-or 

-06 


-0. 

0. 

— Oi 
It. 

-a. 

— 0. 

—*> . 

0. 


YZ - — 

2 l 61 E-lb 
1 2 57 E - 1 5 

1 565*-— 16 
1 Sc3--lb 
i a IJ 7 - - 1 6 
11J15-.-15- 
0 3t 7F -17 
2137-16 


6. 

(jj 


PLASTIC WC 11 RK, AND STRAINS 


ELEMENT 
NO. 1.0. 
I i 


INTEGR. 
P 13 f N'T 

1- 

2 

3 

5 

6 


INCREMENTAL 
PLASTIC WORK 

0.5688!6 flffi 

0.56B8F 00 
0.56H!fllE 00 
— ’ O.563‘0iF- OO 


S 


0. 568'flE 00 
0,. X6.&8IL 00 
•-0.56P3F 00 — 
0. 5688F 00 


XX 

- -0.2500c 00 0. 

U.25O0E mo -n, 

' Oi. 2'5O0E 00 -0 , 

-i> .2 5 006— 00 «. 

O’. 25005 00 -0 . 

0. 25 005 00 -0, 

- 0. 26006 00 0 

0. 25 30E OlO - O’. 


.« INCREMENTAL PLASTIC STRAINS **»»**»»"***** 
XT ZZ XX XI 

5000E- 00 0 .2-5006-00 3.1 5 47-E -0 7 O. A334T--08- 

5il0OE 00 0.. 25002 00 0.1557E-07 -0.3'95lc-07 

, 5300c 00 0.2500; 00 -0.2 82 65 -07 

, ^onnE-no 0.2 5oo6—yo n.2 

, sonic 01) 0.2600= 00 -0.32 7 66 -07 

, snoot 00 0..250Ci= on -0.3276.t-j7 

.6000- 00 0.25lU'!c 00 0. 2 9266-0 7 

,50006 00 0.2503c 00 J. 29266 -07 


ff W‘ * *» . 


'■ * **• 


- 0 . 2 3 T 8 f - 0 7 
,35-7-At— 07- 
0. rt3r-xt-0b 
-0. j99 16-07 
-0.23 786-0 7 
0. 3 3 74t - 0 7 


--0.-1 
0.0 
-0.5 
— 0 . 2 
-0. ci 
0.5 

-o.c 

0.2 


Jt’ft • 

YZ 

275 s “16 
529.-16 
9G<< 5-17 
3’d5 16 

.'’1)56-17 
65 56 -It 
5995-1 r 
3 >3 -. - 16 


-I'NiEGR. 
P 0 I NT 
1 

3 

X 


-CUMUL A I 1 XIE- 

PLASTIC WORK 


fc 

7 

.—a - 


0.. 10 l 3 F 0:2 

-0. 10 1 3 & 02 

0.1013E 02 
0. 1013E 02 

>.i01*f— 02- 

0. 101 3 ,s 02 
0,. 16 131E 02 
■ 0.1013c 02 - — 


- 0 .. 
• 0 . 
- 0 ,. 
-0. 
- O'. 
- 0 -. 
- 0 . 
-ll. 


i:L 1 lu*£ 

XX 

l'OOOE 

10 one 
10)0 3 E 
1000E 
1300 c 

tonoE 

10005 

11x005 


liu 1>*. 


» n . CLH ILAJ I Wf -P1AST1C — ST RA 1 NS *-= 


: 6 . 1 iccXl- c - 


01 

01 

01 

01 

31- 

01 

01 


0. 

0. 

O’. 

0. 


01. 

0 


01 - n. 


XT 

2000F 
2000 F 
ZOJJf 
2000 s 
2000=- 
20i)0E 
2 OOOE 
2 00. If 


01 

01- 

01 

01 

01 

01 

on 

01 


ZZ 

-O’. 10006 
0. 1 0005 
-0. 1000= 

-0. 10305 
_-_D . 1 300 E- ai — -o 
-0.10002 01 -0 
-U . 1 'loot 0 1 
-0. 1 0006 0 1 


01 
01 - 
01 
0 1 


XT *z 

0 .25556-0 7 -0. 30 2 3'r-O I 

0.255 9E-07 0.22 992 -Or. 


-0.2356E-37 
-0 .23566-07 
125 If =06 
1251 E-06 
3. ic 56 7-36 
0. 12 56 F- 06 — 


0 . 7 82 7' F - 0 7 
0. 22735-06 
=01.60 2 3? =02 — 
- O’. 22 9 9 F -06 
0. 7 8275-07 
0.22 7 3- -06 


0.5 
- 0.1 
J.2 
-I , 9 
. 3.3 
- 0.1 
0.2 
-0.5 


. ^.1 l A’l 

11 

5965-10 
5 322-16 
9 73 t - 16 

2 83 1- Lb 
3 1 2 £ - 16 
009E- 1 5 
7 2 5 “ — 16 

3 51.5-16 







copulative stress quantities 


ELEMENT 
N'C. 1.0. 

I 3- 


■JHT6GR. EFFECTIVE 

FAINT STRESS CENTER 

i 0. 100«) E— Oi- 

Z 0. 10 DUE 0 1 

3 0.1O-OOE Oi 

j, a. 1'000’F oi- 

5 0. 100GE 01 

6 0. l-OuO'E 01 

7 <1. 10:00 E- 01- 

a o. iC'Ooe oi 

- IN T =GR. 6-FEE CT I Vi* -- — 

POINT STRESS 

l 0 . 1 2'5i) E 01 

a- 0 . 1 250 ^- - 01 — 

3 0:. 1 250 E 0 1 

R 0. 1 26oF 01 

- 5 — — — - 0 . 12 sue - 01 — 

6 0. 3 250 = 01 

7 0.1250= 01 

ft 0 .4 25GS-0 t- 


, *'*%**GWMt!ll_ATI VE STRESS CENTER ♦*« ****** *************** ♦«..***** 


— 0 . 35-3 3 6 - 0:0 

-0.33 33E 00 
-0.33 3 3'E 00 
— U . 33 338 -GO- — 

- 0.333 3'E 00 
-0.3333E 00 

— -0 . 33 33E -O'O 

-0.333 3'E 00 



X X 

- 0 . 77 3 7fc - Q 5 - 

— — , o 3 1 1 R E — *1 5 — — 

-0. 7737E-05 - 

-0.63,l'Rc-0 5 - 

— 0 . HR 5 RE- 05 -- 
-a. 57 3 lc-0 5 - 

- 0 . BR 5 RE —0’S - 

— o.s/ 3 iE-o'r> — 


VY ZZ XY 

0.666 7= 00 -0. 3333 E 00 O.2V55iE-07 

0..666 7P 00 -0. 3333E 00 -0. II 6 OE-O 18 

0.666 7= 00 Or. 3333E- OO G-n-i 160E-0B 

G. 666 7c 00 -0.3333c 00 -0. 5482 E -07 

0,6667c 00 -0.3333E 00 -0.5R82E-07 

-0,-666 7F— 00— -— 0.-3333.E — 00 0. 563 7€— 07— 

0.6667= 00 -0.333 3E 00 0.56.87E-07 


XZ 72 

- 0 ^ 50 2 RF - O R &-» - 1 - 37 - 52 — la— 

-0. HR 8'8'E — 07 0.77 7. F— 17 

0. 352RE-07 0.31 HR:- 17 

-0. =62 71 - 0 7 0 .3 d'94 r - -16 

-0. 5025F-09 0. 1056.--L6 

-0.8RB8F-07 -0 . , ZRtHE - 1 6 

—0,-35 2 RE — 0 7 — 0.3397i — 1-7- 
0 . = 6 2 7 r - 0 7 -0. 3 9 45 =- 16 


-*** CU3-.IL A I 1VF STRESSES — 
VV ZZ 

,12'Wf 01 -0.l7c.2E— OR 0. 

■-1-25GE — 01 — O . 166 2 c — OR — — O ■ 


, 1250F 01 
. 12 SHE 01 
, i 2 5 Of Oil 
.125 HE 01 
, 125GK 01 
, 12506-01- 


- 0 . I T 62 E-UR -0 
-0. 1662E-04 -0 

-0. 18342-04 -0 

-0. 1 734E-04 -0 

- 0 . 18342-04 0 

— O.-l 7 3 RE -OR 0 


XY Kl V 7. 

. 12 IRE —06 0, R6 0 42 - G 7 -0.2080 = 

1 i 2 1 RE— U 6 — —O, •20-722—06 — — O-. 1 2*tvc 
. 130 IE -06 - 0 . 7 ORE - 07 -0.1 504 1 

. 13011-06 tt.2Wlc-IMj O.ldR-y’: 

. 22 182-06 0. A6G4r — O'f - -G. 1 540= 

. 22 1 B't - 06 —Oi. 2 V 7 2= -06 J.9/94E 

. 20 7(0: E - 0:6 - 0. 7 1» -*tr - 0 ? -0. 1S?6>< 

.,20702—06 0. 290 It-— 06 0-. 20 552 


CREEP WORK A 1 NO STRAINS 


IN TEGS, 
—POINT- 
1 

2 


INTEGR. 
PO I N'T 

1 

2 

3 


INCREMENTAL 
-GR'E EP - W3frK—~ 
0.9375E DO 
0.5375E 00 

0.9375F-O0- 

0.93 75 F 00 
0.9375? 00 

-0.93 7 5E OO- 

0.R3T5F 00 
0.9375? 00 


CUMULAT I VE 
CREEP hORR 
—G. 36079-01— 
0. 3'6e7E 01 
0.36872 01 

-0. 36 8 7S--G1- 

0.36,6 72 01 
0.3667F 01 

0.3687E 01- 

0. 36 6 7 1 01 


* , , ■ »■•**•*. «+» : 

-XX 

. 50'GCE 00 
. 5000E 00 
. 5OOOE-0O — 

. 5a0'0fc oo 

. SU'OiOE 00 
. 5uO‘)E 00— 
.SPOOF 10 
.5t!’00E 00 


X X 

.Z205E- 
, 29 44=- 
.22 0'5E- 
. 2444E- 
.15 372- 
. 21 462- 
. l-f.072- 
. 2 1 RGE- 


I NCR ENSNT AC CftCEP STRAINS *v**t **■ **‘ **»*»«* < 


- - YY 

. 10GRF 0! 0.5000c 00 0. 304 32 -07 

, lOOOF 01 0.5000E 00 0. 30932-0 7 

.1000= HI 0.5000= 00 -0.54522-07 

. IGOOE 01 6. 5000= 00 -0 . 65 56E-U 7 

1 1 Oil Or 01 -0. SUlilUfc -O'O -6.6556c — 0-7- 

, HUM? 01 0.5000E 0,0 0.5ifc5 2E-u7 

.1000= I>1 a. 50002 30 0.56525-07 


X i 

0.304 32 -07 
0 . 30932—0 7 


XI 

0. 166 7? -07 
-0. 79B2E-07 
Q . -R-756A — 0 7 — 
0. 67RHt -07 
0. 166 7 = - 0 7 
—11. 7 982 — 07 - 
— 0. R75 6r -07 
0.67R,flt-O7 


►-c > •'**,»* - 

- -Y Z 

,254i8i=-lfc 
. 1 106 E- 15 
■.1-3985-16— 
• r 769 r- 16 
.1641 = -16 
. l 1 31 =— 1 5 
.1 30IE-16 
. R 7 15 5-1 6 


I*'** C!J 

YY 

. 3 57'OF-C 
, 2 98'0r-0 
. 3 576E-C 
.2 98i’*?-9l 
.3 94 I F -C 
. 125.21 - 1 : 
. H 9 R 1 --C 
. 1 2 5 ?E 


y t- STRAIN? 

ll XY x Z Y /- 

, 25t3E-— <15 — 0.62 96= — <17 0, 7914r —07 — — G.-35-36.E— 1-7 


, 2 74 2 c -05 
. 25635-05 
, 2 7424-05- 
, 2 301 C- 0 5 
. 3397E-05 
,2801 e— U 5- 
.33973-05 


0.3 2 96c -07 -ft. 76 R'BE -07 0.6 901 =-16 

0.201 BE— OH 0,33 7 It -07 -0.2R2 hE-17 

-U.7266E-07 0.79145-07 -I>.3l63r-17 

-SJ . 7 2o6E -G 7 - G. 7c .rfit -07 O.R7>2 t -lfc 

0. as i 1 =— 1 7 0. = 37 IF -O 7 0. 1 7 2 35- 1 t 

U.S531E--U7 Q • 1 1 7 Of - 0/i -0.3798=-i7 





-ELENewT-N a . — ■ — * 

IMiT E-P SUH INCREMENTAL 
PNT 

*— 


z 

3 

— . J, 

> 

!> 

1- 

8 


TOTAL 

COD ; CODE TEMPERATURE TEMPERATURE 

&— — 2 — «. 

0. 5 0')0E Cl 
0.9000E 01 


Z 0. I OOiJE Oil 
2 0. 1000E Oil 

2- 0.. IUOOE -Oil II. 90 00 fc 01 

2 J . 1000E 01 0.9000E <11 

2 0. 1 0005 01 0.9 CO OF 01 

~i — 0 . 1 OOOE~OT 0*9.0005-01- 

2 0. 1000E 01 0.9000E 0)1 


SURFACE 
V HELD SIZE 
-0.2250F-OL 
0.2 2 50 E 01 
O.2250E 01 
-O .22'50F— 01- 
0.2250F 01 
0..2250- 01 
-0. 2250? -01- 
0.2250c 01 


**-■** EFFECT IVE 

incremental sum 

-9-. -5000 p— 09 — -Or 


PLASTIC STRAINS *** 
tlNCK. CUMULATIVE 


0. 5000 R 00 
0. 5P 00 F 00 
O. 5000FOO 
0. 5009IE 00 
0. 5000ir 00 
-O- 5nOOE-Ot>- 
O. 5000 F (JO 


0. 

0. 

o. 

0 . 

Or. 

- 0 -. 

0. 


aooqe on a. 
aoooe ol o. 

aOOOc— 91- - <>. 
5000E 01 0. 

aOOOE 01 0. 

50 002 - Ol 9 . 
A 000 S 01 0 . 


2000E 01 
2U00E 01 
20 00 £-9 t 
2000 t 01 
20(1 OE 01 
.-2000? -01 
.2000= 01 


*<**- effective ei'EEP strains 

INCREMENTAL SUM I NCR. CUMULATIVE 

-OL — 0.2799 r 0 5 
0.100 OF 01 0.2000E 01 0.301 2F -05 

U.lrttlOF 01 0.2 03 Of 01 0.2 T 76 f -05 

-c^s tOOC/F TH-- 0.2000E- 01 0.3012E-U5 

1) . 1 000 E Oil 0.2000c 01 0.28 b 5? -05 

0. 100 OF 01 0.2000' 01 fl. 3. 391 —05 

-9.1 (Ml lit — 01 0.-2 Allot — 01 0. 28 6 A r -1*5- 

0.1000IF 01 0. 2030 E 01 O. 3AAlr-u5 






CUMULATIVE THERMAL LOADS FOR LOAD INCREMENT 
iO- 


NGO-: 

-TEMP. 


- l ‘ 9 0. 40000:1 O2-G.40O0»l-O2-O. 4000ol-0*4-OriOOQoi-02-0. l0OOOfLo2-T).r4(><HM)e-O2--O T ^ 


—ME S T044L — 44-RM — *- 
R i S i DUAL 7 J RM = 
RESIDUAL UOiRM > 
— R E S IlDU AL iViiRM -■- 


0. 34 3 2 IE 00 
0.51 704 E GO 
-0.7945i£~O5 


McCHA.OC AL LOAD CURVE FACTOR'S r 0.3650E 0:1, 0.0 

CREER TIME lUCPEMENT - 0.0 — 

— • riuiisnsr ^r^ s a «*»« »■ »» »■» >*«-w 

s nu - sga^^. ^ — * 

* SPEC IMt.fi> TAX. WIll.AL AN CFO- FORCE ERROR * 0. 1 OOO.F-04, ACTUAL E RK'l'IR - 0.T949E-05 


CUMULATIVE THT ER'UiAL FORCES AN0 Oil SiPLACE ME NTS 


*« hlOOlE ** 
HO. 1 , 0 . 


ii s«*,i +..*». **#*4* FORCES 


* **** 4+i** *»»+**•«» 

w 


**»*«.> **+#* + * 

u 


EMPLACEMENTS 

V 


*«**+» * • *»■**« 


-0.5002525E-05 -0.2500135E 00 
0.53556 826-05 -0.2500144? 00 
-0. 5 1-367-34&-0S — 0.2500 1446- 00 
-0. 5204512E-05 0.250013®= 00 

-0. 5 1 A 3®® EE -05 -0.2500139F 00 
0.i 704(1'® 56-05 -0.25001366 00 
0. 52o3T06r-05 0.250013 7E 00 

-3,51045316-05 0.250C137E JO 


-0.2 37 34 7 86- 05 
-0.2! !> 24686-05 
-0.2081 7426—05- 
-0. 20964235-05 
0. 2102436E -05 
0.2 3 7 34 795-05- 
0 . 205 6 424 E- 05 
0.2081 74 1 E - 05 


0 .77® 7 124E-D6 0.0 0*0 

0.1 162 29 IE— 04 O.J 0-0 

-0-.iU4p725f— 04 — 0^3650 00 06-04 — 

-0 . 30 7 1 52 9 ; E -06 0 . 3u50000E 01 0.0 

0.0 0.0 f>.:> 

-O .9357 92 96— 05— 0.0 0,0- 

i) . 98 94 3 7 14 —05 0.3650U0OE 01 O.J 

0.191 5079IE-05 0 . 36500 JOE 01 0.0 


POINT thermal strains 

l 0.6500E 00 

2 0.6-5O0E— 00 

3 0.6500E 00 

4 0.65005 00 

-5 o. 6500F-00 

6 0.65.10C 00 

7 0.6500E 00 

g 0.6S00F-OO— 

1NTEGR. CUMULATIVE 

-POINT THER MAIL STRA-TNS - 

1 O'. 1L5UE 01 

2 Ui. 1154 = 01 

j O. 1 1 5,)=- -01 

4 i). 1 150- Oi 

5 0.11 505 Oil 

6 0.11505 01 

7 0.11 505 0,1 

e o.n soiE oi 


XX YY 

-0..4500E 00 0.15005 Oil 

-O.-VS-OOE— <HJ OirLSOOE-LHr- 

-0. iK 00E 00 0,. 1500F. 01 

-0.4500E 00 0.1500F Oil 

-a. 45O0E 00 O'. 1 50.)r 01- 

-0. 4500E 00 0.1 5008. Oil 

-0.45005 00 O'. 150DE 01 


3.45 008-00 0.1 50J8-U1 -ft.* 


ll 

-0.4500E 00 
— 0^45005-00- 
-O'. 4500E 1) 0 

-a. 4 5005 00 
— 0. 4 5 00 5-00- 
-0.45UJ5 00 
-0.45005 00 


XY 

0.2 963E-06 


XL 

0.21 39E-06 


0. 40075-06 0.735 75 - Oo 0. 

O.4037E-O6 -0.31)165-06 -0. 

-tErl 35-75-06 0 . 21 3 -3-- 06 O . 

0 . 1 35 7E-06 0. 10 3 25 -06 -0.. 

-0.62'B6r-l)6 0.735 75-06 0. 

—tH 6286(5—06 -O-i -30 165-06 0- 


CUMULATIVE ELASTIC STRAINS «' 

— XX YY 72 XY 

-0.1500= 00 0.50 DDE 00 -0. 15003 00 0.42 265 -Oo 


-0.1500= 00 
-ft. 15005—00 
-0 . I-jiO'OE 00 
-0. 1500= 00 


0.5000= 00 -O. 1 5008 l)d 0.42265-06 

50005-00 O. I 5005 -01) 1>. 27345—06 

0. 50008 OO -0.15005 OlO 0. 27345-06 
0.50008 1)0 -0.1500= 0.0 -0.460 15-07 


XY X Z— 

0. 42265-Uo 0. 26 1 fir -06 

O'. 42 26F -i)6 - 0 . 2 J 5 BF - 06 


0. 1500= 00 0.501)08 1)0 -i). 1500= 0.0 

0.15005 00 — 0. 40005 00 O. 15005 00 

0. 15'OOE DO 0.601)1)= 00 -0.15005 0:0 

0. 16O0E Oft 0.50008 00 -0. 1500c 00 


33. 27345-06 0.646 ?r— 06- 

0.. 2 7 34= -06 0.. 340 5r - ll* 

0.460 1 2-07 0. 2n 1 BF -06 

-0.4501 5—0 7 0. 20 StP—Oo 

0.4 1 3 35 -06 0.6 06 7r —06 

•0:. 41335-06 O'. 34068-10 


Y2 - — 
.9,60 — 17 
, 79 3’6 7 — lb 
. 3 0.6 75-17— 
.55776-10 
, 1 160 : - 16 
.2 l 748-17— 
. 1 3 4 B — 17 
.5 7565-16 


PLASTIC WORK AND STRAINS 


ELEMENT INTEGR. INCREMENTAL 

NO. 1.0. PO INT P'LAST HC WOP'K 

l i -l 0.0 

2 0.0 

3 0.0 

4 0 . O 

5 0.0 

t 0.0 

. ... . . 7 0.0 

a o.o 

INI E r.R. CWMUL A t+VE 

PQ I NT PLASTIC WORK 

l 0.10135 02 

2 0. 10135 -02- 

3 0.10138 02 

4 0.1013= 02 

-5 0. 1013= 02- 

6 0 . 10 1 3IE 02 

7 0. 10 1 5E 02 

fl 0. 10 1 35 02 


I **»* **4 1 
XX 

0.0 

3.0 

o.o 

-0.0' 

o,.n 

o,.,o 

o . 0 

0.0 


XX 

■0. l'OOOE 01 

-a. l'OOOE- oi- 

-o. loaoe oi 

-0. l'OOOE o l 
■ 0. lu DOE -OI — 
-0.10005 01 
-0. 10 DOE 01 
-0.10005 01 


INCREMENTAL PLASTIC STRAINS 


♦ . *<s *»»»».«■***.«* ■- ♦ * -»»*■»■ . ♦ < 


YY 72 

,0 0.0 — 

.0 0.0 

.0 0.0 

.0 o.o — 

.0 0.0 

. 0 0.0 

. 0 O'. 0 ■ — 

.0 0.0 


-»■=» «x — tllXUL-AT I'VE— PLAS T IC — SI 
YY ll 

O'. 2000E 01 -0. 1000E 01 0. 

0. 201)06—01 O'. i OOOE -0 1 0. 

0.20008 01 -O.IOOOE 01 -0. 

0.20008 01 -0.10005 0 1 -0. 

o. 20005-01 — « j . i oeoE-in — --o. 
0.20005 on -o.ioooe oi -u. 

0.20005 01 -O.IOOOE 01 0. 


XY 

—0.3) 

0.0 

0.0 


2459E-07 -O'. B023E-OT 


Y7 

0.4596 5-16 


- 0 . 22 995— 06— -S>. L 4325—16 — 
0.78275-07 0.24788-16 

0.22738-06 -0'.92rtj£-it3 


24 5 9 8-0-7 O . 22 9 95-06- 

2 3'46 E -07 0.78275-07 

234'6E-07 0. 22 7 38 - 06 

4 261C-— *>6 ^O.8.iV2-35^07_ 

1251 E-06 -0.22995-06 

125oE-06 0.78275-07 


-0.3 3125- 16- 
-O. I 0095- 15 
0.27245-16 


0.20008 01 


-0.1000c 01 0.12565-06 0.22735-06 0.9 3V0=- 16 



CUMULATIVE STRE5S QUANTITIES 


ELEMENT 
N O'. I » D . 

..... l i- 



EFFECTIVE 
STRESS CENTER 
-0, 

0. IOOOE 
ft. 1 0005 
O. IOOOE 
0. IOOOE 
0. IOOOE 
■O'* 10/006 — GT 
0. IOOOE 01 


01 

01 

01 - 

01 

01 


♦ ♦♦**#**CUMJLAT I VE STRESS CENTER * ****P*i»? *»** ******** 

XX YV 333C 03 0.5-Jj C OT 0 Q" 


;1 *' ***■*.*/»- 

Y2 

- Pvt 3 7 56 - 1 6 


-0.33 33E 00 0.666 Tr 00 

-0.333 3E 00 0.6 66 7? 00 

-0.33 3 3E-00 0.6667? 00 

-0. 3333E 00 0.666 7? 0(1 

-0. 33 3 3E 00 0..666 7E 00 

-0. 33 3 3E-00- 
-0.3333E 00 


O'. 7774E-17 
0.3 1941-17 
3B94S-16- 
0 . 1 > 585 - 1 6 

•0.1 SV7L-16 

-0.8 a4 7— 1-7- 

ol 6 66 7E 00 -0. 3333'E 00 0.5967E-07 0-„ 96-2 7,r -0 T -0.27655-16 


-0. 3333E 00 0.2955E-07 -0.34P31-0T 

—0-. 3333E 00 -l). ilo0E-08 0.3524E-07 

—O.3333E-O0 O .M60E-Oa O. 66-2 7*-0 7— 

-0.3333E 00 -0.5482E-0T -0.50253-09 

-Q.3333E 00 -0 • 54B2E —0 7 -0. 84882-07 

0 .6 66 If - 00' — -O .-3 3 3 33- 00 0.-6 9 6 76-^O-T 0.-35 2 4E— 0 7- 


<«iT6WU EFFECT I V? 


P0 I NT 
1 

— a — 

3 

4 



STRESS 
0, 10 oof 01 
— Or IOOOE — 0T- 
0. IOOOE 01 
0. 10 ODE 01 
- 0. 10006- (li- 
ft. IOOOE o 1 
0. IOOOE 01 
— 0-TOOUc-OE 


. - CUHUL AT I VS STRESSES-- 

XX YV 12 XV *1 VZ ., , 

0* o. 1000- 01 -0,.9**4£H1'5 0.o5»lM£-‘*6 0,40? dr -06 0*1 ^7 5 £-16 

—0.21 55E-04— — O. IOOOE— Oil -0.64 L 9S-&S 0.6 SOil fc -06 -0.3 i-66f 06 0 . 1-529 15- 

Oi.li. 03 E-04 O.IOOOF 01 -0.93996-0 5 0.42065-06 0.10565-05 -0.4 7 10F:- 1 7 

0. 21 55E-04 0. mil UP Oil -O. 64 1 96 -0 5 (! . 4 2-06E-0B 0.6008c - 10 -0.10126-15 

-0 . 20 63 c - 04 O. ItKVUr 01—0. 8941 5—05 O . b 92 4?—0 7 O.fO 2 8^—06 0.1 7-9 7 -- 16 

0.20636-04 l.lOrtilf 0)1 -0. 58585-05 -0.6924E-0 7 -ft. 31666-06 -U.3394--17 

0,. 206 36-04 O.IOOOL 01 -0.89416-ftS -O'. 6359E -0.6 0. 1056c-05 0. 1 4 3u0,c - 1 o 

-O'. 20635-04 O'. I OOoF-0 1 0..-4'dS6'E-0'5 — — ft-.* 3-5 9.6—06 O.fOttMB— 10 (V, BBaSt-lb- 


r* 


o 





-{!>. PLASTIC ANO CREEP STRAINS 

00 _ : 


. . ifj f. c_p SUM— I>NC j R EMENT-Al -T-0T-A1 — SUWF-AGE ***■*— EF-F&G-T-I-VS — PLAEf-IG — STRAIN S— **■* 

PNT CODE CODE TEMPERATURE TEMPERATURE YIELD SIZE IINCkEMcNTaL SUM INCR. CUMULATIVE 

L -1 -2 0. IOOOE 01 0. IOOOE C2 U.2 250E 01 0.0 0-4000E 0.1 U.20OUE 01 

l l a 0.3 OOOR-OT 0. 11)00? 02 — O ,22 ! 50e— 03 0.0 ft.-400fte— 0-1 O.2-0U0E-- OL 

3 -l -2 0. IOOOE 01 0. 1UOOE 02 0.2250E 01 0.0 0.4000? 01 0- 2000c 01 

4 -1 -2 O.l&OOE 01 0. 1000'E 02 U.22'50E 01 0.0 0 . 4000E 01 O.EOOOf Oil 

... 3 l _ 2- 0. 1 ftOOE 01 — 0. 1 OOOr - 02 — 0. ? 2'5‘OE 01 0.0 0 , 40005 -ft-t — 0„2000it-01 

o -t -2 0. 1000E 01 0. IOOOE 02 0.2250- 01 0.-0 0.40006 01 U.20OOE 01 

T -1 -2 0. IOOOE 0-1 0. IOOOE 02 0.22536 01 0.0 0.4000L 01 0.2000? 01 

8 ,1 t! — - ft. 1 0006—01 0. 1000 6—02— ft. 2 2 506—0 1 O . 0 -0.4000?— O'l O. 2-0006—03- 


. ..*4.*.t4__tR+6.£T I.V6-6«?tP -ST«Af-NS-~**** 

INCREMENTAL SUM INCR. CUMULATIVE 


0.0 

0. 2000T 01 

0.27796 -05 




0.0 

0.2030- 01 

0. 2 7 7.6c -05 

0.0 

0 .,20006 01 

0. 30125-05 

-0.0 

•0.2030c -01 

— 0.2A65--05 

Cl.,0 

U.’OJOt 01 

0. 3439c -05 

0.0 

0.20005 01 

0.28o4- -05 

-0.0 

0. 200 06-01- 

— 0. 344 1 6*05 
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C0HULAT1VC THCRHAL LOADS rOft LOAD I N CREMENT i+- 


IrtCiRE'rtENT 


11 


01 0.450001^1 0.450001 01 0.45000E 01 0.45000E OH 0.450001 01 0.450006 01 0.45000E Oil 


R z 
Rc 
R ? 
Rc 
RS 
Pc 
U 

Rc 
Rc 
Rc 
Pc 
Pf 
- Pc 
R? 
R ■ 
PI 
R c 
R c 


S 10041 ~4JRH~* 0.4O4O46-4MV 


S HD'JAl 
SIDU AL 
$ I tDU Ali 
SiOJAL 
S l DU AL 


NORM 
4 JIRM 
,-4 JiR'M 
JJRH 
4JRH. 


c SinOAL-d.)«“ 
S I’DU 4- 
S1.7U4L 
S l.DiJ AL 
SPdtL 
S 10J AL 
5 IOW-Al 
$ I 3d AL 
S1DJ4L 
si -1 ml 
S 1 3U AL 
S1JJAL 


OPT* 

■4JPM 

ddP“ 

• 4'J'ft'l 
W JiHM 
Tid PM ■ 

4 j RM 
4J3'M 
4 J PM 
14 >R‘H 
iM J R K 


0.414796 
0.51 6041 
- 0 . 1 1 1 5 11 
0 . 22'0'68E 
0.45787? 

■■3. >6 ? f Oc 
0.417121 
0.3301 BE 
0.323291 
3. 33 5iB Be 
0. 102741 
— «1. 17634 


00 

00 

ni>- 

oo 

oo 

oo~ 


oo 
oo 
oo 
00 
00 
01- 
0.237 35 E-02 
0.453001-03 
0.7125 111 -0 4- 
0 . U 2 781 -04 
0.13 1 681 -05 


■v 

'.J 

—y 


■j 

-J 


I 

CD 


END OF LOAD INCREMENT 
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HeChAN LG At—t6AO -£-tHVl- 

N^ £ LIsm' B JNTli«ATKN POINTS^ B, MO. PLASTIC INTEGRATION POWTS^ 

,> . | Nil SPAT IC-N-R-VI-HT-S— MAVf — &WAf4<r§-4> — FLAST1 G— 70 PL-4ST-1 !G-t ° .. E ” f » 
fucri -r-1 i j a y m.i CTIFFN-SS UPDATES * 3t MO. UPDATES PERFORSlEO * l 

^ 1 “*• NO. UPDATE = 10 f NU. I TE P AT I flNS PEP FORMED SINCE LAST UPDATE = 


- H 4 1 S, INC RE M EN T 


► - 141101 ** 
-NO. 1-.&5- 


S 

4 

5 

6 

7 

- 0 - 


m . •* fc . ♦* * #"**■* FORCES 

-o V 


*'*.»« 1 »».-»***>*** 


0. 12096111 
-fls-l 
-0. 12277711—05 
Q.. 1 216057E-05 


-0.81252246 00 0. 1 L00572E-04 

)-H — 00 O.-tiOOflBVe-C 

0.8125? 321 00 0. 11062371-04 

0.8 12522 51 00 0. 1 106 372E-U4 


0. 1 13 736 21-05 —0.8 I ZiZiZxr 00 — O.i 10061846—04- 
0. 11264 )22-05 -0 .8125221 r . OC -0. 1 1. VC 7721-04 
.1,. 11022535-05 0.8125221? 00 -0. llu6372L : -04 

-0. 109346 2t — 05 0.8 1 25 2 2-1" E- 00 — 0*H 106 2386-04- 


**e* u **».*»%♦ 

— y 


Cl SPLAGEMENT 5 

y — 


* » » * • C t .*• » *» 

— 


0.25746591-05 
4.-2444-7901—90- 
-0.27 99 30 6E JO 
0.23336 751-017 
-rt.O ■ — 

-0.295 733 I E 00 
-0.29793196 DO 
-0.415: 


-0.30000006 00 

- o . j o ooooor O i>- 


0.0 

-0-HJ 

0.55O0000E 01 -0.30000001 00 
0.5500000c 01 -0. 3 OOOD 00 E 00 
-0. & — — 0-.O 


0.0 

O.55O0OOOE 01 


0 .11 
0.0 
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CU H ULM t-v r STRESS QUA N TITIES - 


N0. 

i 


!.D. 


POINT 

1 

—2 

3 

6 

5 

6 

7 

(3 


;T-f¥f 

STRESS CENTER 

0. 1000? 01 

OrlOOOE-O^- 

0. IODOE oi 

0. 1-07)0? 01 

0 . 1 000 E - 01 ' 

0 . 10 'JOE 01 
0.1'OOOlE 01 
-O.-lOOOf-Gt- 


I'NTEGR . 

- POINT- 

1 


6 

5 

6 
7 
d 


EFFECT I VF 
— -STRESS 

0.32501E Oil 
0.22'50E 01 

-0.32S0E-01- 

U. 3,2 50 E 01 
0.325 OF 

0 . 3 2'50‘F 

0. 32 50 E 
0 . 5250E 


ft ft-? 1 VC OTRC S3 CENTER 
XX TV II 

,3.333E 00 0..666 7F, 00 -0.3333E 00 

r 33336—00 Ov666 7= — 00 -Oi 

.3333? 00 0.666 7n 00 -0.3333E 00 

0. 6 66 7F OH 



-0.33 3 3£ 0 0 

33 33E 00 Or.6'66 7'F 00 

33 33E 00 Q.666 7F OIJ 

. 33 3 3E no 0.6 66 7r 00 
. 33 33? — 00 0. 6 feu 7f — GH- 


-J.3 33 31F 00 
— O. 33336-00- 
-0. 3333= 00 
-0. 3333c 00 
— — 0 . 3335 =- 


-o. iuoE-oa 

-{) . 1160E-08 
— 0.-58 82E-07 
-0.5682E-O7 
i ). J 7 <J 7 1 -07 


0. 3526F-07 
0. c 62 7.6-07 


0.91 96= -1 7 
0. 3'656c - 1 6 


8.502??r-09 O.lt>5o=-la- 

0. 86 6 dr -1)7 -0.1 9 30 = -16 

0. 35261-07 0.06975-1 7 

.39.^ 


OI 

01- 

01 

Oi 


-0 
-0. 
— 0 
-n 
-G 
— 0 . 
-fj 

-a. 


i.i * * » • 

xx 

.52 1 5E 
, 37255 
.5? 15“ 
,3725? 

, 3 7 2'5F 
.5=60? 
.37 25? 
.5660? 


»v< 


-05 
•05 
-0 5 - 


0. 

0. 

-0. 


-0 5 0- 

-05 0. 

o6 0* 

-05 0. 

-0'5 0. 


CUMVIL AT I V? S TRE SSE S • — *♦ * ' »"» ** ' * 

w - - • — -22 •— XV- - 

3250? OIL 0.6nelc-06 0. 1538E-06 

3 250? 01 9 • 6 1 35F-06 

3 25'Jr — Oi -O. 606 IE 

325.)= 0)1 0. 6 1 35E-06 

3260? 01 0.673 IE-06 

3 250= 01 ---0.6 73 IE-06 

3250? 01 0. 6 731 : -06 

4,250c 7)1 0.6 7 3 IE -06 


0. 1538 c -06 
> 19 35 F— 06- 
-0. 1935? -06 
-O. 625 5E -06 


0 . c 265 E — Jfc — —0.2 .4 Tflr— OA- 
t). 6fl.26f-Ot — P • 56 5 1 c - 7)6 
0 . 5 aibl -06 o. 2 3l>9,- - 06 


t *6 * *. V * IT l. * %■* 8. * »• - ' * 

— - x l ■ v l - 

0 . 56 2 3? - 116 0.1-731 r-lo 

-0. 23 7-OC-06 0. .726 3-16 

— fi, 5.5-1 ?— 0& 0.3 82 1 - — 16- 

0.2309.-06 0.1575^-15 

0. 5<t7 3- -06 -0 .36601-1 7 


— 0. 3b5.E-15 — 
-0.3 70 6?— 17 
U.1253 -15 


r 


i 

crt 


CREEP NH-RK AND STRAINS 


E ! LE FEN T 

NO . 1 . 0 . 

1 - - 3- 


llNT =0'R . 
POINT 

2 

3 


o o 

»TJ Q 

" SL 


5 

6 

- 7 — 

8 

INTEGR. 

POINT 

l 


"0 




I NCREME'NT A'L 
CREEP WORK 

0.2125E Ail- 

0.21 25C- 01 
0..2125E 01 

0.2125? -01- 

0.2125E 01 
0.212 5 = 01 

0.212 50 01- 

0.21 25? 01 


_CU Hill AT 1 YE — — 
CREEP WORK 
0.S813F 01 

0.5813? 01- 

0.5.B13E 01 
0.5613? 1)1 

0.5813? 01- 

0,. 5 813? 0 1 
,1.5813? 0 1 
_ O. 5813? 01 


* **•» ♦ ****** 
XX 

-0 . 51)1006—00- - 
-0.5000E 00 
-0.5000= 00 
-0.5)0f)E-O0- 
-0.5000? 00 
-.1.5 >00? 00 
- W . 5 I 10 OC 00 
-0. 5003? 00 


.*.**•»• INCREMEHTA.L crfep 

YV II 

- 0. 1000=01 -0 .-5000? GO 

o.ioon? oi -0.50C0S oo 
u.imwF Oil -0.5000= ao 
— O. I DOOE- HI — -0. 50006—00- 
0.1 000? Ill -0. 5000? CO 
0. I on IF vJ 1 -0.5000E 00 

0.101-Mc 01 -0. 50.61) E DO 

0. 1 000c 01 -0.5000= 00 


STRAIN'S *«*»*^ *« — ►«•-**- 

XV X2 

— 0*975 IE-06 0.606 16-06- 

0.9T51E-06 -0.6769E-06 

0. c. 3 08? -06 0. 1585= -05 

0.8 3C8E-G6 n.un-Ur-1 

-0. l0J9£-Ob 0-606 1? -Ob 
-0 . 1039F-06 - 0 . 6 76 9 E - 0 6 

0.65366-06 - 0. 1 565? -05- 
-U.9'5 3dE-06 0.901 IE- 10 


*»'M » » * « * « - 
Y l 

-0.22 136-16- 
-0.2 29 3 E - 1 5 
-0. 7077=-l7 
.1 5 18E-15— 
0.2 b9'5E- 16 
-0.50 16? -17 
0.2 157 c- 16 
-0.1 J2RE-15 


xx 

-0.5000? 
-a. 5000E 
-0 . 50'OOE 
-0. 50100? 
-0. 5000c 
-0. 5U'00S 
-0. 50‘OOE 
-Oi. 5000= 


'ir « I t i * % 


no 

00 — 
00 
00 

1)0 — 
00 
00 
00 


» r 

YY 

0 . I 000? 
0. I 000? 
0 . 1 00*1=. 
0 . 100.1 = 
— O.lOiJO? 
0.1000= 
0. 1 non? 

- 0. lOO-JF 


CWNULA-T 1 YE CR'EE C_£iilA I NS- _i 


'. 51 * 


If XV 

01 -0.5000c 00 0.108 8= -05 

01 -0. 5000= 0O-- 0 . 1058E-05 - 

Oi -0 . 5000= 00 0.632 8E— Ob 

SH -0.5000= 00 0.6328E-06 

Oi - =0. 5000c — 00 ,- — 0 . 1 7 6 5 ?■- 0 8 — 

fill -0. 50OOE 0)0 -0 . I 76 5E -06 

01 -0.5000= 00 -t>. 86 66E-H6 

01 -0.5000= on --0.8686E-06 - 


Ml I L 

X 7 

0.oH32t--0b 
—-0. 5 5 I 6 c - 06 - 
0.161 dr -05 
0.11 71 =-06 
_ 0 . i .83 2 f = H 6 -. 
-0.55 161-06 
0. 1 M d=-G5 
0. 1 1 7 lr -Ob 


i ki 


- . 1 r : 

r l 

0.1862 = - It 
—O'. 1 oD 3 = - l 5 
-0.9501 E- 1 7 
-J.1569- T -15 
— 0. 2 3 7 5 E— 16 - 
0 . 62 50 : - 16 
I) . I J85E-16 
-0. 1 3 6b -'-15 


r?rm 






ii C I * Y£i .-li ’ 




-PL4E-11 C A NO C RS E - P 4T M M M5- 


-ELEMENT-- NO.- 

int e-p 

pnt C GO 2 

i — 0 


4 J,0— 41 — 


SUM 1 MC REKSN T AL T0T&L SW'WF ACE 

CGGC- TEMPERATURE T EMPCR'ATUP E YlcLO SI2.- 
O.E 5 (JOE— Ol 0»4500 c — 11 <>. 2 2 MF 01- 


3 

4 

5 

6 
• 7 

d 


0 

0 

0 

0 

0 

-0 

3 


-7 -0-. S?OQS 01 0.4 5 OOF 01 

-2 -0. 5500F 01 0.4 5 00c 01 

2 -1.5500? 01 — 0.4500E 

-2 -O.5500F 01 0.450OF 

-2 -0.5 5 OOF 


+ *** EF 
IWCR EMEN 
— 0.0 


01 

01 

01 


- t Oil 0.4 500' 

_2 — j,. 55006 Oil 0.450.)=— 01 

-2 -a. 5 500E 0,1 0.4 5 OOF Ol 


0.2250= 01 
0.2250? 01 
^1.2 2 50= 01- 
0.2250? 01 
0...2 250E 01 
-0. 2 2 5t IE-01- 
0 .2 250? 01 


0.0 
0-0 
0.0 
0.0 
0.0 
—0 » tV- 
0.0 


FEC T ! VE PLASTIC STRAINS 
TAL SUM INCH. CUMULATIVE t 

o.40i>o_ 

0 . 4000 £ 01 o. 2000 E 01 

G . 4000 ? 01 0. 2000? 01 

G. 40016 iH —0.20006 -01- 

0.4000? Oil u. -0J0:E 01 
0.4000,6 01 0.2000E 01 

_ 0.4000S-M 0.20006— 01- 

0 . 4000 ? 01 0.2000c 01 


***** EFFECTIVE CREEP STRAINS 
INCREMENTAL SUM I ICR. CUMULATIVE 


—0.1300*— 14- 
01 o. I HOOF 01 
0.10 OOF 01 
0. I OOU f 01 


• 0.1)00r 01 0.3030 c 

o.ionoE ol o.ioooe 01 
— 1. 1.0006- 0 1 — O • 1000? 01 

0.100UE Ol 0.30 JOE 01 0. LOOCIF 01 
O. lOOOE 01 O.aOOOE 01 0. 1000, 01 

04 Q.-3KM* — 01 o. 10016 -01 

0.10,10 = 01 0.. 30 JO E 01 O.IOOOF 01 



3 



i 


*0 


& 







f* I iYCR'EHIEN'T 12 

- Mechanic al- lgas— curve™ fag-tors — ■ o^+s-sge — 0+, — u. o — - — 

on CREEP TIM; ItNC RE'MEN'T = 0.0 

«•» NG. EL AS T lit INTeGRM i ON POINTS = 0. NO,. PL AST IC INTEGRATION P'QWiTS = 8 

_g irtf~GR*rU3N PLH-N1-5— HAVE — C HANGE 0 ELASTI C TO PLASTIC j 8 INT-frT r Rr A T - t ON P OI N T S PL AC4- I -6- TO E LASTIC DURI N G T H IS I N C RE HC N T 

SP'EGI=I€0 MAX. NO. STIFFNESS UPDATES = 3, NO. UPDATES PERFORMED = 1 

SPECIF IE t) TAX. NT. I T ERA T I C NS PER UPDATE * 10, NO.. ITERATIONS PERFORMED S I'NGE LAST UPDATE = 2 

— S PEG IiF LED MAX. UNPAL ANCED-FORC-E— ERROR— O. lfJOOE-l)*, - ACTUAL ERROR »-t>. 70-C3E-0 6 


CUMULATIVE I'NTERNAiL FORCES AND HI SPL AC E ME NT S 


»'* NOJG ** 
NO. I.t). 


r< **ft*»:i.***ir FfjRGF S 
U V 


* * *4 fc ♦ »F ** * » *>V * V * 

H 



0.2 In 2 7 70F 
J. IS2**95G 
TV, 4* 7fcnfc*S- 
0-. 15R20A 3E 
0.2 3020,2 8E 
0 ,. i 37 6 722 2- 
.1. ISiol 10c 
0,. 16 3a* 5 2£ 


-08 -T>,.566 7*05F 00 0.1 *9 5 32 6 E - OR 

-07 -0.9667*135 00 0.1*951*65-0* 

-06 <ys96b-7*l-*€ — 00 — Oi-l*o960*E— - 0*— 

-06 0.9od7*lT6E 00 0.1*695806-0* 

- C6 -0.9667* J'flC 00 -O. 1 h551*oE- 0* 
-06 -0.96L ?*0of- OG — Oi U95326E-0*- 
-06 (1. 96 B7 *0'6C 00 -0.1*695806-0* 

-06 0.9687*0«c 00 -0. l*t9tr)*E-0* 


U 


D I SPLACEMENT S » »► *♦* •»**• 

V w 


0.16*13366-05 
0.6139278C-05 
-0-. 3993*4+r— 0*- 


0 . 0 0.0 

0.0 0.0 

0.65 59999 C 01 +rU- 


-0.298*2526-06 0.65*9999E 01 

0 .0 0.0 

-n . 1 i 92093E-05 0 .0 

0.39715,116-05 0 . 65*9999E Ot 

0.26 7 III 5 5E -05 


0.0 
0.0 
— OvO- 
O.U 

0.65*99996 01 0.0 



- eiEMENT — 
NOia I . D. 



— —IN T 
PCI IiNT 


3 

4 

5 

6 

7 



INTEGR. 
— PflllNT— 

1 

2 


JNGR-EMtNWt 

THERMAL STRAINS 
0. 55GOE 00 

-0.- 5 50 Of — 04 

0* 5500E OO 
O'. 55 OOF 00 

0- 5500E OO 

0.5500E GO 
0.55 OWE 00 
— — — 0.S60O& -33 

CUMWLATiV.E 

*44eKK AL S T'ft'A 1NS- 

0.2?(50F 01 
0.2050? 01 

-O. 205WF -01— 

0.2050F 01 
U. 2050 ? 01 

0.20506 01— 

0.2050? 01 
0.2050F 01 


XX YV ll 

0.127QE-Q4 -0.4041E-Q4 0. 1329E-04 

-Or li-32E“04 -0,365 2c — Ob 0 ,1 1096-04- 

0. 1.2 TOE— 04 -0. 404 li* -04 0. 1329E-04 

0 . 1 1 3 2E-04 -0. 3 55 28 -04 0. 1 109'E-U 4 

_0. 12 TfeE-04 -0. 3fi 18E— 04 0.12345-04- 

0<« 12 87E-04 -0. 389'2c -04 U. 12046-04 

0. 1-2 76? -04 -0. S.d’R'Sr -04 0. 1234E-04 

-W. 12 8 7F-04 — -0. 389 26-04 «,1 2046-34- 


XY XI Y i 

-0.25bil.E-0A -0.22 126-06 -0,6053i£-iT 

0^-25636—06 0 . 202:1 5- 0 * OV3 2045-1-7- 

0.283 36-06 ’ 0.218'9t-06 -0.15736-17 

0.2(83, 3E-0A -0. 1984F-06 -0.42B2--16 

8,-167 34-06 0. ?2 126-06 3, 7 982 =-17- 

0.1673E-06 0.2J216-06 0.13056-15 

-0. 1334E-06 0.21 89? -06 0.36.t)l--l 7 

-,-8. 1 3395-06 O' I4o45~06 O. 34o25~r6- 


XX - - 

-O. 30001 
-0. 30 ODE 
~G. 3O30E- 
-0.30 OWE 
-O. 30l)0E 
-0. 300 OE 
-0.3000E 
-0.30006 


4 l;** * *»■( 
00 Oi. 

00 o,. 

410 0. 

00 0 . 

00 0. 

00 — 0. 
00 0 . 

00 0. 


,44 eOMULAiflVE ELASTIC STRAINS 

10006 01 -0.30O0E OO -0. 19451-06 -0.4244?-0d 0.2087-16 

10U1F OH -0.3000E 00 -0. 19456-06 0. HV73b-06 

,10005- OI —O b iOOOE-OO n .2 0606-06 O' A 3flOe-09 O . 1-3 716- l A 

10006 01 -0.3000a 00 0.2060E-06 -0.1060-.-06 0.2O19E 16 

: 10006 oi -o! 3000E 00 —0 . 3294c— 0 7 -0.4244-08 O.a.586-- 7 

1 00.V4- OH - —0.30006 00 0.8294E-0 7 0.1073 -06, -0.^- ja,t 16- 

,1000- 04 -0.3000E 00 Oj. 991 LE-0 7 0.rt2 75c- 09 “*^1^"“!^ 

,1000F 01 -0.3000E 00 0.9911 E-W7 -0.11160 -06 0.1409 -16 


■ ELEMENT 
NQi. 1 . 3 , 


integh. incremental 

POINT PLASTIC WORK 

O^IISIE-Oi- 

2 0. 178 l c 01 

3 0.1781? 01 

4 — 0 rW S I'E — Oil — 

5 0. 1 761? M 

i 0. 17B1E 01 

7 0. i-7'61 6-0 l— 

8 0.1701? 01 

-4#6PeG<W 4UMUL-A7+V6- 

POINT PLASTIC work 

1 0 . I 1 91 F 02 

2 -- 0 . 1 1 9 Hfc - O 2 — 

3 0 .119 IE 02 

<, 0 .1 191c 02 

__6 . 0.115 14-02- 

6 0.1191? 02 

7 0.114 If 02 

8 0 . 1 151 E- 0 2 - 


PLASTIC WORK ANO STRAINS 

■ INCREMENTAL PLASTIC STRAINS ***.«*»-».-*-** **♦ *■* ‘ 


x,x 

,25iOOr— 03 — —O'. 
.25 OOF QG 0. 

.2500? 00 O'. 

.2 5005-0 0 0. 

. 2500c 00 0. 

,25'OOE OC 0. 

,2500? OO 0. 

. 25 00= 00 0 . 


XX 

-0.125OF 01 0. 

—0.12506-01 -O', 

-0. 12 50 E Oil 0, 

-0. 1250c 01 0, 

— 0 . 12 506—01 0, 

-0,1250= 01 0 

-0,12 506 01 O' 

— 0 . 12 506- 01 O 


VY 21 XV 

50006—00 — —0^25006—00 — -0,6-3306-07- 
50006 00 -0 .2500E 00 -0.633OE-07 

50006 00 -0.2500E 00 0. 54160-0 7 

6000 6-00 -0.2 8006—00 3-"54-i 66-0-7- 

50006 00 -0.25006 00 -0. 117BE-06 

,50006 00 -0.2500c 00 -0.11760-06 

,50006 00 -0.25006 00 0.1 16UE-U6- 


0.2 80 9£ -07 0 

-0.94740-07 0 

-0,32 1 0 c— 0 7 O 

0.62606-07 “0 

0.2 8096-0 7 -0 

— 1>« c 4 74 t — 07 — ~Q 


500 OF 00 -0,2500= 00 0.11668-06 T).. 32 10? - 0 7 


>. 9205--17 
>,6945?- 17 

} .1 04 3 E - 1 f 
3.1 236 ?- 15 
3.5 = 756 - 18 - 
3 , 3836=- 16 


-«.*s ewMWtAf-l » E PL* ST 

YY II 

2500? 01 -0.1250E 01 

2 5006—01 O.-l 25OE-01- 

2500= 01 -0. 1250? 01 

,2500? 01 -3. 1250E 01 

2 5(106-01 •&, 1250 5—01 

,25006 01 -0, 1250E 01 

.2 5006 Oil -0.12 50c Oi 
„2 500E-G l EJ .1 2606 01 


XY XZ 

0. 3«7 IE-07 0.2375? -08 0 

0.3 6 7 1 6-0-7 Or -2-318 6—36 -0 

0.3070E-07 -0.1647F-07 0 

,v_ v.ildP -07 0. 1952C-06 -0 


0, 30 706-07 

-OW4296-06- 
-u. ,24298 -06 
0,24246-06 


,1952c- 06 -0. 

425- 7 56-0 6 i) . 

.2)1 8?- 06 -3. 

.16476-07 0„ 


6,-2 4 24 1 -0 (r 0 .-14-52 c—0,3 3 . 


CUMULATIVE STRESS QUANTITIES 


INTEGR. 

FOUNT 


EFFECTIVE 
STRESS CENTER 

6yi-S0R C 01 - 

0. 1500 F 01 
0* 1500 E 01 

0,15005 01" 

0. 15005 01 
0.15U0E 01 

0,15005-01- 

0.1500? 01 


ihF EGR-*- EFFEC T IV=- 


P J INT 
1 


STRESS 
0.3875= 01 
— O. 3 8 75'F— ®T- 
0.3675E 01 
0.3875? Oil 
-0.3fl75f-«l- 
0. 38 75IE OH 
0.38 75F OH 
— O,-. 7 55-0:1- 


«*»«***. *«*.**+* . CUPULA 7 1 VE STRESS CENTER ********* ••*«***'»*a*»***- ***» ** - 
XX VY 11 XY X2 Y2 

-0^50005-00- OytOOO F 01 ■ - O. C OOOC 00 0« 126 SE- 0 » 0.54 5 77-07 0,2386V -Mr— 

-0.5000c 00 0. 1000 F. 01 -0.50006 00 -0. 12655-07 -0.6615F-O7 0.1 391c- 16 

-0.5000E 00 0.10005 01 -0.50005 00 0. 3.95E-07 -0.27925-07 0.1516-16 

-o. 50006- 00 0. 1000501 -0.1)0006—00 ~tbr3V)5e-0? fcr748 7= (37—0. 84 495-1-7— 

-0.5000c 00 0.1000c 01 -0.5000:6 DO -0. 13345-06 0.5457c-07 0.986&C-17 

— 0.50005 no 0. 1000= 01 -0.5OUOE 00 -0. 13345-06 -0.66 156-07 -0 .1U23 r-l5 

— 0.5000= -0 0 ~0* 1000c -OH — — 0.-50006-00 0 . 13 776-06 0*2 792F- 07- O. 82- ,r t f 

-0.5000c 00 O.IOOOE OH. -0.50O0E 00 0,13775-06 0.74676-07 -0.1408-16 


. .. <■<. » .» . * * * • — GU MOlr* 71 VE - -5 TiRfc S55S — 


XX YY 7.2 *» 

.88836-06 0.3875? OH 0. 59525-04 -0.57985-06 -0 

. 12 336— 05 0.-3B75E— 01 8.-5500 6—04 0.F5 798 f— 06- 

.8? 035-06 0.387 5F OH 0.53525-04 0.6H39E-06 

.12335-05 0. 38757 OH 0.55086-04 0.61 395-06 

. 88835-06 0. 38 75'F OH 0 . 60;B5i=-04 0-*,24725-0fr- 

.88835-06 0. 3H75r 01 0.6174c -04 -0.2472E-06 

.88 835-06 0.38 755 OH u. 60355-04 0.2954:5-06 

. 881036-06 O. 38756—01 0.-6H 745-04 -0» 29546-06- 


0.6il 395 -06 
0. 6, 1 39 E -06 


XI Y 2 

.1265?.— OT O.f 222 5 - 1 6 

.24685-08 0.4038-16 

. 31 606—06 0.60186-16 

. 12656-07 8 . 1 No 35- 16- 

.31995-06 -0.2 d'5'15-15 

.,24661-08 D„ 2063 c -16 

*81 6 Hr— 06 0.4 7 455—56- 


PLA'STIG and creep strains 


. - l lib - 3 

E-P SUM— INCREMENTAL TOTAL SJREAGe 

CODE CODE TEMPERATURE TEMPERATURE YIELD SITE 
1 2 0.75005 01 0.12005 02 0.23755 OH 

l a- — U»7’500e — OH 0.4 21)06—02 — 0.2 1755-01 

1 2 0.75005 01 0.12005 02 0.23755 01 

1 2 0,75005 OH 0. 1200E 02 0.2 3755 OH 

1 2 — o. 7 5005 01- 0. 1 2005 02 - 0.2 375= 01 

1 2 0.7 500E Oil 0.12005 02 Or.,2 375c 01 

1 2 0.75005 01 0.1 2006 02 0.23755 01 

i_ 2 — 0. 7 5005— OH — Hi. 12.106- 02— 0.2 3752 -0 1 


INCREMENTAL SUM INCR. CUMULATIVE INCREMENTAL 
0, 50005 00 0.45005 01 0,25005 01 0.0 

0. 5000:5— Oil — 0.-45005— OH 0^2-500 5 O I- — 0-^0 

0. 50)05 00 0.45005 01 0.2 5005 01 0.0 

0, 50005 00 0.45005 OH 0.2 500:5 OH 0.0 

— 0. 5000* 00 - -3, 450016 -01 — 0.25005-Oil 0 .0 

0. 5000IE 00 0. 45005 Oil 0.25005 01 0.0 

0. 50005 00 0.45005 01 0. ,25005 01 0.0 

0. 500.1 E- -10 — 0.45006—01 — H>., 25005-04 0.0 


^HVF-&+=6P-STftA7NS- * »*■*— 
SUM INCR. CUMULATIVE 
0.30)0= 01 O.IOOOE Oil 

0.30006 -OH O. 1000:5- O 1 

0.3-33 J5 01 0.10005 01 

0.30005 01 0.1 300c 01 


0.30005 01 
0. 390-Jfc OH 
0.30) 05 01 

0.30005 OH 


0.1 300 -- 01 
0.10005 01 
0.10 ODE 0-1 
0.10005 01 


-0. 300()fc— OH- O. 10008 01 



8 



0.7500E Oil i 0. 2000 E 00 


INCREMENT 13 

MS'EhAN If A'L LOAD CURVE FACTORS 

-CREEP T1 H C i N CREMEHT— 0*0 “ 

.33'. C L AS Tic INTEGRA! I CN POINTS = Oi» NG.. PLASTIC I'NT F.GRAT ION POINT S =8 

5 I N'TEGP'AT TQ ! N POINTS HAVE CHANGED ELASTIC TO PLASTIC, 0 INTEGRATION POINTS PLASTIC TO ELASTIC DURING THIS INCREMENT 

_tp.5tIf.HtD MAX.- N3.--ST IF rN'ES 5 -UPDATES— 3, NO.— UPDATES- PERFORMED— 0-^ 

SPEC 1.FIIED 1AX. NO. I TE RAT IONS PER UPDATE * 10, NO. ITERATIONS PERFORMED SINCE LAST UPDATE « fl 

SP'EE IF litD MAX. UNB'AL ANCED-FORCE ERROR * 0.1000E-04, ACTUAL ERROR = 0..4S3'5t-05 


C UMUL A T I VE INTERNAL FORGES AND DISPLACEMENTS 


** NODE *• 
NO.. I.D. 


***«*»» ***»»*♦** FORCES 
U V 


A 



0. 1 1425S4E-0S -0. U25026E 01 0.3 116721 E-OS 

O'. 11402 246-05 -0.1 I25027E 01 0. 310 7 535?- 05 

D » ■ 5 6 9 5 8 6 c 1 — 0 5 — G»4t 2'5G2-7E — fl 1 — Oi3331CS5S— US — 
3.8 7 25 42 3l- 06 0.1125026E 01 0.3339867E-05 

0. 5 3A9H 512-06 -0.1 1,2'502<6E 01 -0. 31> 7535E-05 
0 .65 L3160E— 06 — 0.1 125U2bE- 01 — 0. 31167226-05- 
U. 90427 38E-06 0,. 1 12502tE 01 -0.3339866E-05 

0,. 30272116-06 0. 11250266 01 -0.333 l'09t,E-05 


.«♦» , f.*» * *;*♦» 

U 


DISPLACEMENTS 

V 


4 *. 

A 


0. 20 73 36 9 E -05 
0 . 2000 1 80 E 00 

— 0 : -i 

0.569 3 70 IE -06 

0.0 


3.0 

0.0 

"oTtsoooooe 01 

0.0 


o.20noooat oo 

0 . 2000000 F 00 

-O 0 - 


0.20000 DOE 00 
O.o 


-0. 20001356 -DO — 0.0 

0.20 )j1526 00 0. 75JOOOOL 01 

0.3649 1806 -05 0.7500000E 01 


0.0 

0.0 














NO. 1.0. 
1 i 


ELEMENT 
NO. t.D. 

1- - + - 


POINT 

l 


THERMAL STRA1INS 
0* 4500 E 00 


„ ns a 40599-04 -0.2414E-04 6.3010E-06 0.6941E-07 

a . 0,30H)C 06 O.OT O uC y 

0^596-04 -0.24146-04 -0.3209E-06 -0.T67BE-07 

loltsSOE-OS o’.SAi-ji-OA -3.20926-04 ^209E-<,6 J-^^07 

5*SS£Sri:i3*3t 4^1^41 

-a* 54 266-05 0.57455-04 -0.i»7E-04 -0. »»«-«. *»»;•” 


XV 

to, 3010E-06 


0.4500E 00 
0.4500F 00 

-0.4500E-00 

0.450OE 00 
0.4500E 00 
-0.45006—00 


0.6941E-07 -0.11696-17 


*0.34896-17 
0.1 548k- 16 

0. 2o08e-l7- 
0.44336-16 
0.29fc5?-l7 
-Ov9 7t05-t7- 


0.86586 -07 -0. 1 548k - 

-0.644 16—07 O’. ’608-2— 


O'. 13376-06 -0.9r7B6E-07 


0* 37256-04 -0.2 247E- 04 -0.1^ 76E- 06 -0 . 


IN'TEGR. 


CUMULATIVE 

-YHEPMAL- 5 TRA H*S 

0,25006 01 
0. 2 5006 01 

0. 25006-41 

0.2500F 01 
0. 2504E 01 

0. 2 50016-01 

0.25006 01 
0.25006 01 


5:*.** *'< «i****5 

— «K 

.3004? 40 0. 

. 30046 00 O'. 

. 301)06- -Qfr- — 0. 
.30006 00 0. 

,. 30046 00 0. 

.34006 00 0 , 

. 3,1006 00 0. 

.30006 00 a. 


» * 5 eUMUL AT 

- YY 

10046 OH -0 
I000 c 01 -J 

lOilOt— 06 -L 

10045 01 -C 
1044? 01 -i 
10006 01—6 
10446 01 -( 

10006 01 -( 


IV.E ELASTIC STRAINS **•**•*••'♦»*♦****•*• 

- LI ** ~*l' 

.30406 00 0 . 10646 -06 0.65176-07 

.304016 00 0*1.064:6—06 0,44736-08 

34006-01L -0-. l-l 506-06 0.9 5954-1)7 — 

. 3000 5 0 -0.1 1506-06 - 0 . 1 9 -V4f - O 7 

1.30006 00 0.50756-0 7 0.651 7l-07 

1.. 30006-00 O. 54 75E-0 7 0. 94 7 3--08 

1. . 3000c OO -0.5,8446-07 -0.75 95^-0 7 

1.3000c 00 -0.58446-07 -0.1444:6-07 


*1 ■ - 

0.1974- 
0.42776 
-0,19 2 2-6 
0.4 709 1 
4.' 15ot 
-0.5 12fc £ 
0, 9 405 i 
0 *i6 J 4:6 : 


PLASTIC WORK AND STRAINS 


I'NIEGR. 

POINT 

2 

3 


INCREMENTAL 
PLASTIC WORK 

O..2094E -01- 

0.2U54E 01 
0.2094E 0.1 

0. 20946-01- 

0, 20946 01 
0. 20946 01 

0.20 946 01- 

0.20946 01 


INCREMENTAL plastic strains 

tfV ¥ 7 


XX TV 

-O. 25 0 06—00 — — 0. 4 0006— 04 — -4 


-0.25006 00 
-0.2500E 00 
>0. 25006 04 
-0.25006 00 
-4.25006 00 
-0.2500? 00 


0-. 50O06. 00 -0 

0.5000E 00 -0 

-0.50406—04 — -4 
0.50046 00 -0 

0.50 >09 00 -0 

-0.5004? 0.0 0 


- 0. 25'DO? 00 O'. 50046 OO -0 


ll XT XZ 

,2 5006—00- -0,3 40 86-0 7 0,1 4 ME— 07- OM 

. 2'500'E 00 -0,. 34096-07 0. >2426-07 0.2 

,25006 00 0i.2362E-07 -0.25336-07 O.e, 

,25006-00- -0.2 Ho 2 6 -04- — —Ov- 78666— 07 0.1 

,25006 00 0.26 736-07 0. lib 16-0 7 0.4 

.2500? 00 0.26736-07 0.724?r-0T -0.3 

. ?5l)0t 00 0 .24716-0 7 0.25339-07 0. 5 

.25006 00 -0.24716-07 -0.78666-07 0. i 


»( ft'*'*.;. 

TZ 

1-5 Re — 16- 
3 85- -17 
525F.-17 
3 744 -l 6- 
■ 3316-17 
i 744 : -l 6 
,2556-17 
. 444i6— L6 


-I+1T6&R. -GUMUL AT 1 WE 

point plastic work 

1 (1.14006 02 

2 0.14008 02- 

3 0. 1400 E 02 

i, 0.14:006 02 

5 O. 1 4006 02- 

6 0.14006 02 

7 0.14006 02 

, n 0.14006 02 


ki’.’a A VliAl * 

XX 

-0. 1 5006 Oil 
—0.15006 01 - 
-0.1500E 01 
-0.15 OWE 01 
—ft. 1500E- 01- 
-o. i5'0oe 0-1 
-0. 1 5 006 0-1 
--0.15006 01- 


m t . . CUMvILA 1 1 WE PL AS T4-C— S TP A 1 H& -*—**** *■ *•♦** * 

YY ZZ XT XZ TZ 

0. 30006 Oil -0, 150016 01 -C. 72796-07 0,U5«r-07 0.72T0*-1 k 

0.30008 OH O.15U06-01— 0.72806-0 7--0.1P446.0(p -0.2 72VP 7- 

n, 30006 Oil -0, 1 500-6 01 Oi. 5932c -07 -0.4 181? -07 0.4525. 16 

0,. 30049 OH -0, 1 5006 01 0,55316-07 ft.llfc6r-06 -0.3410.-16 

_0, 30049- 01 5006—04 — —4.2 162E-06-— 0.13?fir -47 -0.3O40-- 6 - 

0.3000? OH -0, 15006 01 -O,21o26-06 -»'• n’^^TF-lt 

O 3004F 01 -0. 1500E 01 0,21776-06 -0.4 1 8M-0 7 0.,3j7E 16 

• a'. 3044c -01 0, 1 500'E 01 0.2 l 776 -06 0. 1 1 666-06 0 . 4 1 46* -16- 








CUMULATIVE STRESS QUANTITIES 


cLE'+cNT 
NO. I .3. 


INT EGR . 
P Oi'NiT 

1 

2 

3 

5 

6 

? 


EFFECT LVE 
STRESS CENTER 
o.toooe-'O-i- 

0.2000E 01 
O. 2000 E 01 

0. ZC'OOE — 01 

0 . 2000 ? 01 

0 . 20*)0 F 01 

0. EOOOE-OT- 

0 . 2000 E Cl 


--I-MT EGR. EFFECTIVE 

POINT STFFSS 

L 0 .A 5 OOE 01 

2 — — 0 , 45 oil?- Ol- 

3 0 .A 50 OE 01 

4 O.'iE.lO? 01 


— 5 - 

6 

7 

— a- 


— 0. V5rt0if -0 I- 

0 . 4500 E cn 

0..4 500E 01 
— O.bSOOE-iH- 


**** ♦ ***» ***** 
XX 

— 0 . 666 7 E — 00 0 " 

-0.6667E 00 0. 

-0.66 6 7? 00 O'. 

—0.666 7E-0W O. 

-0.O667E 00 O. 

-0.6667.E 00 0. 

-0.666 7E-0G O . 

-0..6667E 00 0. 


‘♦■CUMULATIVE STRESS CENTER 
YY ZZ 

.1333^-01 - 0 .6667 

. - - .r% * i t t 


*************** * * *'*****♦ = » ***** ' 


1 33 35 01 
133 3? 01 

13 i if- oi— 

133 15 01 
1 33 IE 01 
1333E— 01— 
,1 333? 01 


-0.6667E 00 -0.3537E-07 f.I 

-0.6667c 00 0.5503E-07 -0.44BIE-07 

—0.666 76-00 V0'2 E-0 7 O. 2 24 3r -O*- 

-0.666TS 00 -0.U65E-U6 0.6230r-07 

-0.66675 00 -0.1 155E- Jo -0. 17671-07 

66676-00 OU - 2 132 - 06 - 

-0 .,6667c 00 lli. 12 1 3t — 06 0.c2A3F-07 


0.1 5505- 16 
0.16515-16 

. 21 33 6-1 a - 
0 .. 12785- 1 6 
-0.12 725-15 


-** 


0 . 

-0 

0 . 

0 . 

- 0 . 

0 . 

0 . 

— ~ 0 i* 


4nui>**^ *-**•- COHUL-AT I VE S TRESSES — ****■ ' rrtf .. 4. *t* -■**■* *'» ** 

77 XV 

0 XX O.A 50 JE 01 0 . 87695-05 0 * 368 ^'* 0*377^07 ftl 

0 ; 

£{ |o|lo5 0- tsOOF 01 ft. 156 75-ot— oil 75 76^36 3- 7^'^“ -0 * 

23HS KISS 51. SSSSS -j ^yis * • 

30,652-05—0. A50.TE-01 0. 14665-0^ ». 2023t-o6— <3.67*«E-0? 


v.‘- * **- 


Y L 

65 20 c - 1 6 
1581 6- 1'6- 
35395-16 
16301-16 
31855-16 • 
I 775 E -15 
36 29-- 16 
.24 972-16- 


1 

cn 

00 


PLASTIC AMD CREEP STRAWS 


ELEMENT N.J. 

- INT— 

PUT 

1 

2 


TQT - A lr- 


-SORFACe- 


3 

6 

■ 5- 

6 

7 

— 8- 


= 1 ID * 3 

_6-p — SUM— I-NCFE-MENT-AL- 
-iTinsi CODE TEMPERATURE TEMPERATURE 

3 2 O.IOOOE 01 0.1300E 02 0.2500- 01 

a __t_O r iy 002—01 — O^-WOOE— 07 — 0, .2-5002-0* 

2 O.IOOOE 01 0. 1 300 E 02 0.2 500.- 01 

2 0.1000c 01 0. 1 300 E 02 0.2 500? 01 

2 0.10002-01 0.1 3tr02- 02—0.2 600? 07 

2 O.IOOOE 01 0 . I 300E 02 0.25Q0E 01 

2 O.IOOOE 01 O.130OE 0'2 0.2500? 01 


EFEF 


0 

0 

0 

0 

0 

0- 


2 -1.. 1 OO0E—G1 — -0.4 3 OOP— 02 G.2 5005—*! 


yield sue incremental sum 

0. 50O0E 00 0. 

0 . 5 fMWE-Ot 
0.5000? 00 0. 

0.5000? 00 0. 

G. 5000S-00 — 0. 
0. 6000'E 00 0. 

0.50006 00 0. 
4>. 6000E- 0*3 — O. 


1!NCR. cumulative incremental 
5000 E 01 0. 30Q0E 01 0 . 0 

5000c 01 0.3000E 01 0.0 

5000? 01 0. 3000E 01 0.0 

500 ‘JE— 0 1 — O.-SOoGE — 01 0.0 " 

5000? 01 0.30G0E ill 0.0 

5000? 01 0.3000E 01 0.0 

60O0S ^4 — 0-0 


SUM 
0, 

-0. 


0. 

0. 
— w. 
0. 
O'. 
-0. 


INCR. GUMUl. 
3300? 01 0. 

3000 ?— 01- — 0. 

3030? 01 0. 

31)33? m 0. 
3UTOE-01 - 0. 
JUJU*- till 0. 
3000? 01 O. 
30006—01 0. 


ATIVE 
1000? 01 
4000c— Ul- 
1 , 000 r 01 
1(100 c 01 

’ 000? 0T- 
iOOOE 0 l 
lOrtOE Ol 
lOOOt— Ul- 








increment 


w> L o* o.MOooe 0 . 14000 * 02 o-i^oe o^oooe 02 o.moooe oz o.i.oooe oz o,i.oooe .2 


-ReS I'i>J At — 4 J AM— 
A c $ I DU At NJIRM 
ft'E $ I'DJiAt VOiRtJ 
RESIDUAL NJ»M- 
RESllOJAL OR« 
RESIDUAL -iJRK 

- a: SlOJAt-MvTRM- 

Ric S i DUAL T J'f'M 
RES t DUAL mJRM 


0.351 A BE 00 
Q. 19220E 00 
0.2*5936-00- 
0.11 152E 00 
0.353215-02 
0.295056-02 - 
0.312626-03 
0.935036-05 


END 


load increment 


— hec^ S l l oa d oJ £c f ac tor s ■. o. rb oo r -» w --^o-- 


UPDATES PERFORMED 3 0 

NJ. ITERATIONS PERFORMED SINCE LAST UPDATE 


CUMULATIVE INTERNAL FORCES AND PI S PLACEMEN' S 


T* NOJlE ** 
NO • I*0* 


M , ,*,*.0. *.***•*»♦ FORCES *.*>»■«*»* ***« ***" 
iii V h 


*»*'***• 

u 


DU SPLACEMENT S 
V 


**«.**•** *«•*■ 
M 


-0, 73363506-06 -O'. 131 25866 D'l 0.151 03I1E-05 
Si 72008 0BE-O6 -0. 13 1 29865 Oil 0 . 19095795- 05 


0.95955036-06 0-0 

0.53511396-05 0.0 




5 5 

6 tr- 

t r 

a 3 


-0 10051 156-05 0-13125356 01 0. 133 7950t-05 

-ai!,69 10115 76-06 -O'. la 1 25:656 01 -O'. ^?«ll lE-ot- 

tluToltae-W O'. 1 3 125356 01 -0.135 79506-05 
-0.1 1758616-05 0.13 1258-5 E 01 -0.136 011096-05 


mw*s 


-O'. 112H150E-05 0.37999996 01 

0 .0 0.0 

. 1 142 053 E— 05 OvO- ' 

0.29d0232E-05 0.B799999E 01 


0. 1090051 c-05 0.07999996 01 0.0 


‘■ ' 2 r 


iVi i'jl lisrs ' ' 


— - efcSdBN*--- 

NO. t .O'. 

1 3 


-IN'T-EOR. 

POINT 

1 


ELe 4ENT 

no. i. a. 

1 3- 


INTEGR. 
— POINT— 
1 
2 

3 

4 

5 

7 

a 


INT’EGR. 

POINT 

1 

2 

3 


POINT 

1 


-INCREMENTAL 

THERMAL STRAINS 
0. 3000E 00 

O. 30006 — OB 

0.3000E 00 
0.30 ‘JOE 00 

O. 3:0006 OO 

0.3000C 00 
0.3000E 00 
0. 30006 00 


XX YY 

0.95 96E-05 -0.42926-04 

-0,72-726-06 0.3433 6-04- 

0.9596E-05 -0.42926-04 


n 

.20986-04 


XV X7 V2 

-0.42846-06 -0.15746-06 -0.23B2E-17 


0.7272E-05 -0.34336-04 

-0, 73 916-05 0.37155-04- 


0. 7629E-05 
0.73916-05 


—0.352 IF —04 
-0.37176-04 


3. 76 255-03 0.3 5255-04—0 


,20986-04 
, 17176-04 
1 18122—04— 
, 17176-04 
.1 8125-04 
.17175-04- 


0 .43256-06 O. 1&32F-06 -0.2 321 £*• 17 

0.4325E-06 -0. 35? 35—07 -0.3 5295-16 

-0.22246—06 -0.1 5746- 06 -O. 57 166-1-7- 

-O. .22246-06 0.4854E-07 -0.1 *52 6-16 

0.2 34 If -06 0.16326-06 -0.7l22ir-17 


-0.23415-01 


-0.352-34-U7 ■0.41 2 32— 1< 


CUMULATIVE 
-THERMAL S TRAIN S- 
0.2800E 01 
0.2B0UE 01 

0.28006 01 

0.2 8006 01 

O.28O0X 01 

0.23POF 01 

0.28006 Oil 
0.2600‘E 01 


»» 4* * ,«» i 


- IX - 
-O. 3000= 
-O. 3J0OE 
-0.30005 
-0.300GE 
-0. ail OOE 
-*1. 30006 
-0. 30006 
-0, 31V0.0E 


00 0. 

00 0 . 

OO 0. 

00 0 . 
00 0 . 
1)0 — 0. 
00 0 . 
00 0. 


«*, LlJMlILAT I VS ELASTIC STRAINS * ** . i. - «•*■*. 

YY 22 XV K2 Y 2 — 

10006 01 -0. 30006 00 -0.32196-06 -0.9226I--07 0.17326-16 

10002 OH — 0 • 3000 c 00 -0.32196-06 0.5H01F-Q7 -0.22316-16 

10005-01 O.3GO0S--90 0.f»176£— 06 0.87 206—07 0.74036-17- 

lOOOr 01 -0.3000= 00 0.31766-06 -0.54<faF-07 -i). 30535-16 

1000 s 01 -0.3000= 00 -0.1717E-J6 -0.9226F-07 0.3478.-;-17 

1 flll.lt- ill — — 0. 30006 00 0-« i 71 76—06 — -•(•• 581*1 c— 07— —0.65 79)5 — 16- 

lOOOr. 01 -0.3000c 00 0.1 75 7 1 - 06 0.87205-07 t».2?H3 = -i7 


-iH 1 71 fF-Ofr — -0. 581*1 = — 0-7 — —0,65 79= — 13- 
0.1 75 7 1 - 06 0.87205-07 0.27832-17 


lOOilF 01 -0.30006 00 0.1757E-06 -0.64665-07 -0. 34 8'rt'E- 16 


PLASTIC W1D!RK AND STRAINS 


INCREMENT At 

plastic work 

0. 48756-01- 

0.48756 01 
0.4875E 01 

0.48756 — Ot- 

0.4875iF 01 
0.4875E 01 

0.46755-01- 

0.4875E 01 


*♦• * »*. **»«* »*♦», INCREMENTAL PLASTIC STRAINS *■**•**«*. a***=s* «*•-*• a* *'*4 
XX YY 22 XV X2 Y 2 

,50006-00 -O.lOlKlE— Oil -0,-50006-00 — -0.19305—06 -0,51076-07 0,1-9735-16- 

, 5(V00E 00 0. l'OOOE 01 -0.50006 00 -0.1930E-O6 0. 7970E-07 -0.25B9E-16 

, 5000E 00 0.10006 01 -0.50006 00 O.1657E-06 0.261 5F -07 0.75256-17 

, 51006 — 0(1 0,11)006—01 -0. 50005—00 0^-16076—06 - 0 .88 2-16— 07 — -0.2 54&?— Ifc- 

.5000E 00 0,1000k 01 -0,500011 00 -0.,o,215E-07 -0.5107E-07 0.57162-17 

.5000c 00 O.lOOiIE 01 -0. 5GU0E 00 -0.62152-07 0.79785-07 -0,47932-16 

.50006-00 — — 0, lOOnr-Ol — — 0. 50006-00 0.55 316—0-7 O. 2'oT 56-07 0. 6,2 546 17 - 

. 51'OOC 00 0.1000= 01 -0,5000c 00 0.5531E-07 -O.K8?9e-*>7 -0.25566-16 


-CUMUL-AI4-V6 

PLASTIC WORK 
0,18866 02 


COMUt-AJ-I Vc- -PL AS T 1 0 - S T RAINS — . ■ ■»« * 

XX YY 22 XV X2 *2 

-0.2000= 01 0.4,00(15 01 -0.2* =0c 01 -0.2658E-06 -0.3709E-07 0. 92425-16 

— 0. 20006-01 0.400-16 Hi 0.20005- -01 *. 26586-06 -0.40606-0? — -0.38625-16 — 


0.1888)6 02 
O. L888E 02 
-0.16886—02- 
0.1 8886 0? 
0.1863E 02 
-0.- ISO'S 6—0 2- 


-0.2000= 01 0.40006 01 

-0..2000E 01 0,40005 01 

- — O .,2gOOF— 01— — -O. 4 00*15— Ol_ 

-0.2000c 01 0,40006 01 

-0.2000E 01 0.4000F 01 


-0.2000= 01 
-0.2000= 01 


0. ,22916-06 
0..2291E-06 


-0.2 000= 01 
-0. 2000 E 01 


-0.2 7835 -06 — 0.4960E— 0 7 

0. 2730E-06 -0. 15666-07 


-0. 1566E-07 0,52 77 r -16 

0.282 7F-07 -0.54586-16 

-0.4=7096—07 0.42 1 2 4- 1 6- 

— 0. 4960E— 0 7 -0.30*86-15 


). 20006 01 0.40006-01 O. 2000 5 01- 


1,27306—04 


0. 1566E-07 0.3«.dc=-l6 

6. ?8'276— 07— — 0.6 7*124—16- 






cumulative stress quantities 


ELEMENT 

[Q'u It.Q. 

- i- *- 


cr> 


INTEGR. 
POINT 
l 


2 

3 

•4- 

5 

6 

— ?~ 


EFFECTIVE 
STRESS CENTER 


Q., 25006 01 
0.25006 01 

0.25006-04- 

0 .,25006 0-1 
0.25006 04 

0.25006- 04- 

0.25006 01 


***.t****»**».*:Mv#*CUMULATl VE STRESS CENTER *♦**■* ****** ************** •*«*»* 
XX vv 22 XV X2 V2 

- 0»0333C 00 0 . 95 7 Oil - 0 -7 0»*5g0C 07 0»3.ai»C +*> 


0. 165 76 01 
0.16676 01 
-0.-16676-0 1- 
0.1 66 76 01 
0. 1667F 01 


-0.U333E 00 
— 0.,8£ 33E 00 
— 0.6333E-4W - 
-0.83336 00 
—Or. 8; 336 00 

— 0.. 83 336-0©- ©. 1 667E- 04- — -0-.J 

-0.B333E 00 0. I 66TE Oil -0.63336 00 


-0.83336 00 
-0. 833 3 E 00 
—<4.-63336 OO- 
-0.83336 00 
-0.8333= 00 


-0.9T70E-07 

a. I 106E-06 
-0*4 1066—06- 
-0. 13636—06 
-O. 13636-06 


0.8T28E-08 
-0.36098-07 
-0.-6V5-76-08- 
0.45286-0-7 
0.872 76-08 


0.58726-17 
0.22025-16 
7- 

0.1 468c- 16 
-0. 1‘»32E-15 
r. 1-387-6 — 16- 


0. 1 5676—06 -0.69976-08 -0.1 3226-16 


PLASTIC AND CREEP STRAINS 


Q Q 



C 

c j 

c. L 

( 


ELEMENT NJ. * 

IM &■ 

P NT CODE 
1 0 

2 «- 


3 

4 

5 -- 

6 
7 

- 8 - 


I'D 


CODE TErtPER'AT'URE TEMPERATURE VllELD S 
2 0. 1000E 01 0.1400E 02 0.27506 

2- — 0.10006-04 — 0.1400 6— 02- — O - 2 750c 

2 0. l'OOOE 01 0.14006 02 0.2 750E 

2 0.1000= 01 0.14006 02 

0.1.0008 Ot- 0.1400IF CP. 


0.1 0006 01 
0.1000E 01 
>. 1 0006-01- 


0.14006 02 
0.1400 c C2 


0, .2 7506 

0.27506 

0.27506 
0.2 753= 


-0.14008-02 — 0.2 750fc 


1 2 E I NCR 
01 0 . 
HI— — O'. 
01 0. 
01 0 . 
01—0. 
01 0 . 
01 o. 
-01 0. 


EM6NTAL SUM INCR. CUMULATIVE 
1O00F 01 0. 6000E Oil 0.40006 01 

10UUF-- 01 — H^6000E— 01 — H.400OE— 04- 
1000C 01 0.60006 01 0.4000E 01 

lOODiE 01 0.60006 01 

lOOOir 01 — 0. 6000 e— 01 
10006 01 0,. 6000 E 01 

10006 01 0. 60006 01 


incremental sum incr. cumulative 


0 . 4000 E 01 
-0.40006-01- 
0.40006 01 
0.40006 01 
VOOOF 01 . — 0.6000^—01 0.40006— 04 O 


0.0 
r \ n 

0.30306 

0| 0. 10U0F oil 

4 ) \\ 0,4 000 1 01 

0.0 

0.3330= 

01 0.1000L 01 

0.0 

0.30006 

01 0. 1001*6 Ol 

0.0 

0.30)06 

oi - u. i ooor oi 

0.0 

0.3000= 

on o. i jour oi 

0.0 

0. 30008 

01 0.10008 01 


1.3JJ04 — 01 — O. 10006- Ol 



increment 


IS 


NODE I . 
TEMP. 


0.150006 02 0.150006 02 0.150006 02 0.159Q0E 02 0.150006 02 0. I5000E 02 0.15000E 02 0.150006 02 


ttf SI DUAL NlflK * 0. 157356 00 

RE S IDJ AL URM <* O'. 5814&E 00 

-RESIDUAL — *JRM— » — -0.44445 E-09- 

RE St DUAL NORM * 0.32 5.556 00 

RESIDUAL NJRM * 0. 39905c 00 

--R6S IDvJ AL-fKI RM— 0.-46458E— OO- 

RESIOUAL .NJ'KM * 0.53 7026 00 
RESIDUAL NORM * 0.351326 OO 

Hie 5 lOUAL NiJFH - — 0. 15015c 00- 

R'6 5 IDUAL NJKM * 0.515 756-01 

R.ESl'DJAt Nd'PM =• Oi. 121316-01 

Mii S i'tKJ 4c -N JRM— • 0 . 2 25,20 6— 02- 

Re S IQUAL -itJ'PM * fl. 74318E-03 
RESIDUAL .OHM 3 0. 3 5 363 E -05 

Ri6 S 1I0UAL -N-.1RM— • — 0. 550556-05- 

R fc S I DUAL 11RM ■ 0.507 356-05 


o 

c 


o> 

isa 


END OF LOAD 


increment 


15 


INCREMENT IS 

ME CHANiK AL LOAD CURVE FACTORS « 0. 1629F 02. 0.0 

-C R FFP T I A ~ - • 1 NC-AE-M6NT— » OrlOOOE— 02 " ” 

”»* ?i;SoSSrSSK a i5S? ro elastic di^ng THIS INCREMENT 


D . UPDATE S P ER R OR H 60- 


SPECIlFttJ MAX. NO* ITERATIONS PER UPDATE * 10. ND. ITERATIONS PERFORMED SINCE LAST UPDATE 

SPcClr It D 5 AX.. JNBALANCEC-606.CE ERROR = 0.1000E-05,, ACTUAL ERROR - 0.5075E-05 


it NODE ** 
NO. I . 0. 


1 

2 

3- 

5 

5 

5 

r 

s 


1 

2 

— 3" 


CUMULATIVE INTERNAL FORCES and DISPLACEMENTS 


*• »*•»«. .. »#*#♦♦* FORCES 
u V 


*♦***•*» *» •# •** A-' 
N 


5 

5 

" ■ ' 6 * 

7 

3 


-0. 8119260E-06 -0.15000086 01 0.11595 386-05 

0.83525556-05 -0. I500099E 01 0.31 S8555E-05 

— 0.-I03026 3F— 05 — 0^*500 0096-0-1 — 0.3 249 56 (J£— 05- 
-0. ICS.taO'lc-OS 0*15000086 01 0.32476936-05 

-0. 765025,66-06 -0.15000096 01 -0.31936686-05 
— 0 .-7 136 7 6.8 6— 05 — -O. 15000096— Oil — -0. 31695386-05- 
0. 7'807fc 196-06 0. 1S00009E Oil -0. 3 26 7690 F -05 

-0.80898506-06 0.1500009E 01 -0.32695586-05 


***»•* *.***»• 

U 


DISPLACEMENTS 

V 


»•»•«*-»»****. 

W 


O. 20966786-05 
0.11218556-05 

/ A U 

9 T#^JPWf TIVL V-9 


O.39'59396E-06 0.16287496 02 

0.0 0.0 

69424751—05 — 0.0 


0.0 0.0 

0.0 0.0 

■ 0 . 1 S2 87 6 9 E- 0 a — 0«0~ 
0.0 
0.0 
- 0 . 0 — 


0.96 J6915F-05 
0.21 430216-05 


0.. 16287496 
0.16237496 


02 

02 


0.0 

0.9 




—ELEMENT— 
MG . UiO* 
l 3 


POINT thermal strains 
1 0.2362E 01 

a ■». M62R--01 


3 0.23626 Oil 

4 0.2 3626 01 

5 O'. 2 3t2 E-Ol 

t 0.23625 01 

7 0.2 3625 01 

* rt.23o2€HH 

INTEGR. CUMULAT 1 WE 

—POINT THERMAL -STRAINS 

t 0.5162E 01 

2 0.51*26 01 

} 0.51626-0* 

4 0.516216 Oil 

5 0.5 1626 01 

tr Or. 516 2* -Oil — 

7 0.5162E 01 

3 0.51626 01 


XX 

-0.300 OE 00 
—0,-30006—00- 
-0.3000c 00 
-0.10005 00 
— 0.30006-09- 
-0.3O00E 00 
-0.3000c 00 


YY 

0.10005 01 


ZZ 

-0.3000c 00 


XT 

0.5786E-06 


XZ 

0.22865-06 


Y l 

0.22T1E- 


tt^rr^00^r^lBE-O6 -0.22 726 -06 -0.2615E- 

KXe a £25 00 -0.5218E-0O 0,330, If. 07 0.5090^ 


O.lOOOr 01 
O.iOOOr 01 


“U t^UUUL API# 

-0. 3000 E 00 0.218 IF— 06 -0.32056-07 

-0.3000E 00 -U. 2608 E -06 -0.22 726 -06 


-0.30006—00 0.1 -1006—01 0» 30006— 60 0*26086— 06 n. JJ U| i. 

**,, »»***»**»'*«»•• CUMULATIVE ELASTIC STRAINS 


07 0.5090: - 

06— — O. 2c Bat- 
07 0.25136- 

06 0.1052 6- 

■ m 0. 558*5- 


.... — YY — — — 72 — — — -'XY- -- R 2 — 

-J fihOOE 00 0 . 200 ( 1 '- Oil - 0 . 6000 E 00 0 . 15 o 6 £-U 6 0 . 13 t> 26-06 

-oiftOOOE no 0 . 200(16 oil - 0.60006 00 0 . 15666-06 

-0., 69006-08 0.20006-0* 0.60006 (Ml .tanRSF-nT 

- 0.60006 00 0 . 2000 E ill - 11.60086 00 - 0 . 2052 fc -06 - 0 . 20 B 5 r 07 

- 0 . 6(1 OOE 00 0.20006 01 - 0.60006 00 0 - 36 Vlc -07 

-O. 6 U 90 E OO 0.20006 01 -O,,« 0 li 0 E OO 0 - 56 - 516-07 

- 0.611 OOE 00 0.20006 01 - 0 .. 6000 E OO - 0 . 8 S 10 E -07 * 0. 13596 06 

- 0 . 6000 E 00 0.20006 01 - 0 . 6000 E 00 - 0 . 85106-07 - 0 . 211836-07 


HI — 

0.50036- 
0.1 5-JT 1 - 
■ 1 O • 55frr — 
0.1037:- 
-0.23381- 
— O. 4il6ti— 
0.38255- 
0.9556 


PLASTIC tali'RK ANO STRAINS 


element 
NO. 1. 0- 
I 3 


INTEGR. 

POINT 

1 

2 

3 


INCREMENTAL 
PLASTIC WORK 

0*56256-01- 

0.5&25E 01 
0.56256 01 

0.5*256 -01- 

0.5625F 01 
0.56 2 56 01 

0.56256-01- 

0.5625E 01 


INTEGR. -CUNUL AT IV E 

POINT PLASTIC MORK 

l 0. 25506 02 

2 (I. 2550E--02- 

3 0.25505 02 

4 0.25506 02 

$ 0.25506-02- 

6 0.25506 02 

7 0.25506 02 

g o: 25606 02- 


INCREMENTAL PLASTIC STRAINS *♦*« 


XX 77 ZZ *7 

__*0*&O 006—00 -O.l 0006—01 — -0*50006 00 — J 

-0.50006 00 O.IOODF 01 -0.50006 00 -0.62756-07 

-0.5000E OO 0. 10006 Oil -0.5000c OO 0.23386-07 — 

-0, 50006-00 O. lOrtOF— 01 — -0*6000^-00 0-24386-0+ - 

-O.5O0OE 00 0.10006 Oil -0.5000c DO -0.23526-07 

-0 5) OOE 00 0. 1'OOilF Oil -0.50006 00 -0.23526-07 

-0* 50 006 OO O. 10006- 01 0. 50006-00 — -0.90556-09 

-0.50006 00 0. lOtVOF 01 -0.50006 00 -0.9O5SE-II9 


•**•»»* 

XZ 


• r**« 


0.S1T5E 
0.2261E 
-0*5*906 
0.1 2516 
0.51 75E 
-0.22*16 
-O.«*690t 


-07 -0 

-07 -0 

—07 — — 0 
-07 -9 

-07 -0 

-07 0 

-07 -0 


7 Z 

.2 1-5 IE— 46- 
,9820c- 17 
.10966-17 
.99 156—17— 

.2040E-le> 

.60526-17 

.19356-17- 

.10876-1* 


_M J****i.* ***»■•♦*** — CUNJLAT I 
XX 77 

-0.25 OOE 01 0.5000F 01 -0.. 

.0, 25005—01 0.50006- Oil •— -0* 

-0.2500E Oil 0.50006 01 -0. 

-0.2500c 01 0.50086 01 -*!• 

-O, 2SOO5—01 0. 50006-01 — =0. 

-0. 2500E 01 O.5O006 01 -0. 

-0.25006 01 0.50006 01 *0« 

-0.2500E 01 0.50006 -01 — *0. 


WE PLASTIC— S-TRAINS »**+*» 

12 XT * 7 

2500E 01 -0.3285E-06 -0.2567E- 

2 5006 -01 *0 . 328-56 -0* 0.2150c - 

,2500c 01 0.25256-06 -0.38276- 

,2500c 01 0.25256-06 -0. 1B63F- 

,2500c- 0-1 — -0*301 76 -O 6 — « 0.2 A 67c ^ 
,25006 01 -0.30176-0* O.2130F- 

,25006 01 0.272 IE-06 -0.38276- 


,25006- 01 0*2 721 t-O* — -0, 1863c- 1 


* .».* 

YZ 

07 0.11386-15 

OS — -0 . 3 7556- 1 * - 
<17 0*51686-16 

07 -0.S559F-16 

U7 0.2 1726-46- 

08 —0 . i 1 59 c - 1 5 

•07 0.1 1666-16 

.07 — — 0.778WF— lt> - 



CUMULATIVE STRESS QUANTITIES 


element 
NO. I.o. 

integr. 
f C I'N'T 

EFFECTIVE 
STRESS CENTER 
-0.-3000E--01 — 

1-- 

2 

0.30005 01 


3 

0.300OE OH 

_ 

^ 

0.30005 Ol - 


5 

0. 30005 ml 


6 

0.30005 01 





0 

0.3000E 01 


INTthR. — 

EFFECTIVE 


POINT 

STRESS 


1 

O. 6000E 01 



. 0.6000E 0 l— 


3 

0. fcOUOE 01 


4 

0.60 OOF 01 





6 

0.6000 s 01 


T 

0. *0005 01 







-JN 


. 

” 



1 



0 % 



ELEMENT 

MT5GR. 

INCREMENTAL 


' **»»**-** «CUM0L A T I VE STRESS CENTER *«****•*<■**••**•***••** 

XX TV 22 ** 0T fr 

4*.U00Mr O.20OOE 01 -0.10006 01 -0.1206E-06 

-O.IOOD* 01 0.20006 Oil -o. IOOOE Oil 0.U64E-06 ® 2 

-O. 1P90E Ol 0.2000- 01 0. 10006-01 0.1l»^6-0^ -0.|2*3--00 

-O UOQc Ol 0.2000E 01 -0.11)006 01 -0. 1441E-0* 0.4942., 0 7 

-SlSSloi 0.20006 01 -O. IOOOE 01 -0.1441 E-06 0.759 7E-07 

u lOilOE -01 0.200JF Ol -0.-10006-01 O.H-394t~>« 0_-*?63 «t-07 

-oIldOUE 01 0.20006 01 -0. IOOOE 01 0. 13446-06 -0.2263t-07 


.39326 
.2 I65t 
. I i 51 P 
•787v; 
.1*526 
.1322- 
. 1 1 > 84 : 


-16 - 

■17 

-16 

-16- 

-17 

-15 

—4 6 — 


-16 


..«>.> -CUMULATIVE 3 TRtS-SS 

X X TV 22 

0.2*076-05 O-bOOUr 01 0.11355-04 

— O. 31-555—05- O.o 0096-01 — -3.1 

0 24 07 K — 05 O.60UOE O’l 0. 1135E-04 

0,1.0006 01 0.1 20*6—04 

0.600)5- 01 0.14106-04 

0.60006 0:1 0. 14 1 06-04 

0.6000 s 01 0. 14L0E-U4 

— O. 6lT4>Of - 01 — 


0.30 95E-35 
-0. iu 95E-05 - 
0.51 5 BE -05 
0.30956-05 
-0, 51565-05- 


to 

XV 

0. 36155-06 O. 

r)fc 1 54—06 Oi 

-0.4712E-06 -0. 

-0. 47126-06 -0. 

—0.10 716-56 0. 

0. 10715-06 0. 

- 0 . 15645-06 - 0 . 

14102 —04 O. 19646-06 *V 


X 7 

3143'— 06 
SW1M1T 
32 30F-06 
*012F-O7 


.m m » U,i * — * 
V l 


0.5237' 

-0-.3647- 

0.12655 

0.23926 


31*36-06 0.534*5 

694 15-07 -0.5J-)2S 

32 31)F-)»6 9 . R 02 7 

481-2 P— 07 0.2 2 384 


16 
1 4r— 
16 
16 
1 6- 
16 
17 

— 16 - 


CREEP WORK AND STRAINS 


90. 

I 


l.lir- 


-p-*|** -COPE P-W0RK- 

) 0. 1758E 02 

2 0.1758E 02 

3 0 , 4*7 S 3 E - 02 - 

0.1758E 02 
0.17501 02 

-0.175HE 02- 
0.176b? 02 
0. 175BE 02 


- 0 . 
- 0 . 
— 0 . 

- 0 . 

- 0 . 

). 

-o. 

-It. 


15626 01 

15625 01 
15*26-01- 
1'562E Ol 
15 62E 01 
1562* Ol 
1562F 01 

15626 01 



INT EGR. 
POINT 

cumulative 
CREEP KfTO'K 

0.2335F 02— — 


2 

0.233VF 02 


3 

0.233 95 02 

0.23395-02 


5 

0. 2 3392 02 


6 

0.2339E 02 


7 — 

©. 2339E— 02 ■ 


f).2335r 02 


M'i .. # X*. 

XX 

-0.20o2?- 01 

-0. 2062c 01 
-0.2062s 01 
-0.20625-01- 
- 0.20626 01 
-0.2062c 01 
-0.20625-01 
-0.2f>o25 01 



NCR E MENTAL CREEP 

It 


ST R A 1 N S » * * *44 ***••«*** **« 

#* X7 


«» t . » » , » » t 


01 -0.15626 01 

01 -0.15626 01 

_ — 4-.1562-6— 0-1- 

01 -0.15*2 = 01 

Ol -0.1562= 01 

D1 0. 15625 -Ol - 

lU -0. 1 5c 2 c 01 
01 -0. 1 562 E wi 


—0 . 19616— 04 
-0. 1961E-06 


Q.3079E-OT 

0.1617F-06 


0. 7J06E-07 —0.1 4 66 E— 06 

-0. 73196-07 0.36 79? -07 

— U . 731 95-07 — — 0.-161 76-06- 
-0.20 29E-08 -0. 7!»66E-0» 

->.2829E-O0 -0.1466E-06 


0.6691 S- 16 
-0.2756E-16 
• 17- 
-J . 309 b s — 16 
-0 . » 3 7> 5- 16 
-0. 140*. E-l 6- 
-0.5346?- 1 7 
-0.x 35 7 s -16 


• CUMULATIVE CREEP 
YV 11 

-0.4 125 s -OH — -3. 2063 c— Ut- 
il. 4 125 s 01 -0.2063= Ol 

0.4125E 01 -0.20*3= 01 

0 . •* 12 5fcr-0 1 0.206 36-04- 

0.4125? Ol -0. 20636 01 
0.4125 s Ol -l).2ll63£ 01 

0.41255-01 0.20636 lil- 

0.*125F 01 -0 . 20b 3c Ol 


MM* * 


STRAliiS 
» V 

— 8 .Ot/2 06 —06- 
0. 06206-06 
0.7059E-06 

0.70596-0* 

-0.2497E-06 
-U.2457E-06 
— -0. 87 1 36-06- 
-0.071 3C-J6 


«.< t.. ...... .. ■ 

Xl 

0. 72206-0* »' 

0.3B57F-06 -0. 

0.15406-05 -0 


0.72 70.- -06 -O' 

•0. 3097c- 06 0 

-O. 14685-04 O 

-0.7446t-07 -0 


• * . • * »» 

V l 

05536-16- 
l 678 E- IS 
,1 25?£~ lb 
,10546-1-5- 
,3 >976-1* 

, 2 3*7 c — 1 6 
,13006-16- 
, 1 7066-15 


c 

C- 

C- 

c. 

c 


C- 


8 
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PLASTIC ANO CREEP STRAINS 


ELEMENT NJ. 
HOT 

?NT- 

1 
2 

• 5 " 

R 
5 

6-— 

7 
A 


c-p 

hz~ 

0 

-0 

- 0 - 

0 

•i 

— 0 - 

0 

0 


TO * 3 

SUM INCREMENTAL 


2 

2 

2 - 

2 

2 

- 2 - 

2 

2 


0. 1*0006 0*1 
0. IOOOE 01 
-O. IOOOE- 01- 
0. IOOOE 0*1 
0. IOOOE 01 
-O. IOOOE— 6 L- 
D. 10005 01 
0. IOOOE 01 


**.*■ EFFECTIVE PLASTIC STRAINS **• ***** EFFECTIVE CREEP STRAINS 

IMCnC w r N TAL SOM I N CR. COMtArAT-EVE 


TOTAL SURFACE 

T ■I’VE 

O.15O0F 02 0.30006 01 0. IOOOE 01 0.7000E 01 0.5000E 01 

0.1500E 02 0.3000S 01 0. 1600 6 nil U.7000E 01 0.5000E 01 

-0.15006- 02 — 0.3000E Ol O. IOOOE OH — l)^700'Jc— 61 — t>.500uE— OL 

ft. 1500F 02 0.3000H 01 0.1000 ;: 01 0. 7000E 01 0. 500UE OH 

0.1500* 02 0..3C00E Oil 0. 1000* 01 0.7000E 01 0.5000E 01 

_0. i bOOS- 02 — ti. 30006— 01 ft. LOnae-.Vl — 0. 70006—01 — 0-. S0006-01 

0.1500c 02 O.30006 01 0. 1000*6 0*1 U. 7000E 31 0.5000E 01 

0.15006 02 0.30006 01 0. lllOOic OH 0. 7000E 01 O.50UOE 01 


‘ 0 .31256 01 0.P125F OH 0.AH256 01 

0.3125E 01 ft.*l256 OH 6.6125c 01 

— 3-v3T256— Ol 0 .61 2 5P-0H - 0. A 1 2 5t— Ot 

0.3H25F 01 0.&12S6 01 O.AH25E 01 

0.3I2SE 01 0.6125% 01 0.V1256 Ol 

— ft-s-31 2S6— 6i — tF»<rt2 Si— O'L — 6. AH 2 56— <*l~ 
0. 31i5E OH 0.01236 OH O.S1256 01 

0.31256 OH 0.6125F OH O.SI256 01 








T M* 


COMPANY 



14.2 MULTI-ELEMENT CURVED BOUNDARY PROBLEM 

fhe 3-D plane-strain problem of Section 14.1 is again analyzed using a 
1.0 x 1.0 x i.O cube, but idealized by eight elements including curved 
interior boundaries. The input data listing and partial results are 
included at the end of this section. Because of the state of constant 
stress and strain throughout the cube, all integration points have 
equal values for stress and strain. In order to conserve space, resul -s 
are listed for only two load increments and one of the elements. 
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Figure 14,2-1. Multi-Element Problem Mesh 
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30 3. 40 3. 

TO 3. 8-0 3. 

MO 3. 120 3. 

150 3. 160 3. 

190 3. 200 3. 

230 3. 240 3. 
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80 PACE 3*0 CHECK (PLANE STRAIN WITH 2-LOADS,, ELASTIG-PL AST IC-CRE&PJ 11/04/74 

• - SOLUTI CN METHOD COOS— 5 

MAXIMUM NJ. ST IF FNE 3S UPDATES PER INCREMENT * 3 

MAXIMUM TOTAL IT ERA, TICKS PER INCREMENT - 10 

MAX I A )M c LAST ! £ -I XT. RATIONS -PEA— I NCR 6H6NT — <■ * — 

••A XT MU M 4A3NIIT UD'E FOR ELAST IC-PL AST I C SUM CODE = 2 

MA X HOM Rt 3UC T It NS * 1 

, CUN/EH'GcNCs REDUCTION FACTOR-* — O. 500006 -00 — 

MAX HU‘M SPCCIP HE3 EPRlQP NORM = 0,. L'OOOOE-O'. 

FRACTION r.l'M END OF TNG RENEW TP EVALUATE SLOPE * 0. IOOOOE 00 


N J'« Dr MATERIALS = I 

FAiBR IL AT ILN TENPEPATUPE = 0. ISOOOci* 01 


MATERIAL U. I TEMPERATURE DEPENDENT PROPERTIES 


TEMPERATURE THERMAL STRAIN 
0.10 DTE 01 0.0 

O . Iv JOE 01 Ov3OeOE-0O— 

0. 3v HI ; 01 0 . aO OOE 00 

0.400 )c 01 0. 1050E 01 

0.45 00 c -01- — 0. 15 00 1 — 0 1 

0.50 OOS 01 0. laOOE 01 



0,.5t )f)€ 01 0. 35006 01 

0. 5 1 Mi-01 — 0,. 10 0,05—0)1 — — 

0.6o 00; 01 0.4L30E 01 

0. 70 30c 31 0.20005 01 

— 0.80 we Ol -0. 12505-01 — 

01. VL JOE 01 a. 1250E 01 

a. I'O'W; 0,2 0 . 2000 c 01 

. — 0.12 ) 3 5-02- -0. 4 3T5E-01 

0.1330= 02 0.V5OOE 01 

0. l-» 10; a, 2 C.5250E Oil 

o,. I a 00 5 0 3 — 0,. 30.306 - 01 

TEMPERATURE PflitSSCNS RATIO 
— -0.0- 0,. 30006-00— r 
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MATERIAL 


I, TEMPERATURE 


PARAMETER ISOTROPIC STRESS 

0.0 0.20000= 01 

— 0. 3-K ME* 01 0.20000E-01 

0.900 Me 01 0.350 OOF Oil 

- P ARAM- IE ft KINEMATIC SHAPE — 

0.0 0.0 

0 .10 1 WE 0,1 0.100006 01 

— — 0. 305 3i>.c — O'!' — -Q.20f-O0E — O'l 

0.5 11- JOE JO 0. 3 5000 E 01 

— TEMPER AT Oft 5 » 0.0 — 
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— — 0.0 O.2OOOQS-0T 

0.300 JO E O i O'. 200 00 E 01 
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0.0 0 . 10005 01 

0. 30 00 E 01 0. 1Q00E 01 
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MATERIAL 1(1'. It TEMPERATURE 
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O'. 35 >W e O'l O. IOOOE 01 
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LOAD REFERENCE curve mo. 

N0Dc — C JHRGNEMT- — (.-0*0— 

80 2 0. 1(1000 c 01 

90 2 0.10000= Oil 

100 aOrlOOOOF-Ol- 

180 2 0.100005 01 

ISO 2 O.IOOOOE 01 

200 2 O. IOOOOE— 01- 

280 2 O'. WHOSE 01 

290 2 O.IOOOOE 01 

300 — 2-0. 10000=- -at- 

L&AG REf ERE MCE CURVE NO. 2 

NCOS - - CO rdr'G'NEM - 1 3 A0 — 

10 3 O.IOOOOE 01 

20 3 0.10 3005 Oil 

30 3- 1 >. l'OOOOE -O! 

90 3 0. 10000F Oil 

50 3 0. 100005 01 

- ao 3 O'. 1000.15 • Oil' — 

70 3 Oi.lOOOO= 01 

80 3 0. 1000 OF Oil 

— 90 — 3 -Q. 100005 — 0 1 - — — 

K-J 3 O.IOOOOE 01 







ELEMENT 


INTEGRATION 

- flg 



1 ,-fhi — — 

locate- 

nj i-nsr 


V 



10 

0 

i 

1 .0526-01 

1 .1306-01 

6. 




2 

7-867E-02 

4 . O X 7* -01 
— }-r^30~-01— 

6. 




* 

2.936E-0 l 

4.2 176-01 

6. 




5 

1 .092E-01 

1.13:0? -oil 

d. 





T^flA 7P — «T> 

— 4.-^1 01 — 





7 

4*0 746 — 0)1 

1 . 3306-01 

8. 




8 

2. 9 36 E -01 

4. 2 1 76 -01 

-a. 


20 

0 

L 

6 . 1 OAF - Oil 

1.3 3 OF -01 

6. 




2 

5. ,0491- 01 

4.21 75-01 

t>* 





m— 

— 1 * 1 30- -01 - 

-6. 




4 

8. o 7 36 — 01 

4.01 76 —01 

6. 




5 

6.1886-01 

1. >3 05-01 

e. 





-i— ^.049* Oi— 

—4. ? 176—01 — 

— 8. 




7 

0,. 9 781 - 01 

1. 1305-01 

8. 




8 

8.6736-01 

4.0172-01 

d. 


30 

0 

1 

6.4005-02 

6.05 76-01 

6. 




2 

5. 4506-02 

8.9436-01 

6. 









6 

3.5,276-01 

8.9435-01 

6* 

'• 



5 

6.4G0.E-02 

6.0576-01 

8. 

N 




.... 4*4 506-02 — 

— 8.943E-01- 

— 8. 

t- — 

— «• 



7 

2 . 38'BE-01 

6.057E-01 

0. 

o 



8 

3. 52 7c -01 

8. 9736-01 

8. 


*0 

0 

1 

4 .5,026—01 

6. 05 7F —'01 

6. 




2 

5,. 64AE -0 1 

a. 9455-01 

6. 




3 

-8.. 527 c— <11— 

- 6.0576-01 

— 6. 




4 

8.8326-01 

H. 94 it -01 

6. 




5 

4. 5026-01 

6. 0576-01 

8. 





— — 5 . 640 e -O'l 

— 8. 94 31 -01- 

,6. 




7 

8. 5276-01 

6.0572-01 

8. 




0 

8,. 8226-01 

a. 943F-01 

3. 

“ 

50 

0 

1 

i.,0 92,6-01 

1. 1305-01 

1. 




2 

7.8676-02 

4.01 75-01 

1. 




-3 

4.074B-O1 - 

—1.3305-01- 





• 

4 

2.936E-01 

4.2 1 75 -01 

1. 




5 

1.0926-01 

1. 1305-01 

3 




b— 

7 .8676-02- 

4» G i 01— 

— 3 




7 

4.0742-01 

l . 330E -01 

3 




8 

2.5366-01 

4,. ,2 1 7t -01 

3 


* 9 - 


>76 — iVfc- 


-01 


057.6 —01 
057, E -01 
0576-01- 
GS7E-01 
94 16 —01 
9436-01- 
943F-01 
9435. -01 


l>5>7 F -01- 


i 


s 

: 

/ / 

! 

6- j-;m . I ffe V It > •rt^ ’ir? H W7i tilr • • ^ '•.*•- j - J-‘r :-.» *:.-.;iJu.i-Vi 'SHiitid i^i;,i:(«>iifiji.i* •y^iAi'ii Ti-vsSw < hi'.., .- i. ■■>. r a. srs-Ju ni&ii .•• i^isA^ib- ■ 2* 


element 

uc. 


INTECRAT ION 


6 . 188 E -01 
5.0WSF.-OI 
-*.94786-0* — 
8.4.736-01 
6.168c -01 
—5.0496-01 — 
8.978E-01 
8.673E-0! 

6- 400E-O2 
9.4506-02 
—2. 3886-01— 
3. 5276-01 
6 . -.006 - 02 
— 9.4506-02 - 
2.3686-01 
3. 5i27'E-04 

4.5026- 01 
5,. 6 ‘♦06-01 

—8.5276-01- 

8.8326-01 

4. 5026- 01 
— 5 . 6406-01 - 

8. 5276-01 
B.,63 26-01 


1.3306-01 
4.2176 -01 
-1-^1306-04 — 
4. 017= -01 
1.3306-01 
-4.21 76—01— 
1.1306-01 
4,0,1 IF -01 

o. 057? -01 
8 . 94 36 -01 

- 6. 0576-01- 
8.0436-01 
6.05 7,6-01 

—8.943—01— 
6.057 c -Oil 

8. 5436 -01 

6.05 76 -01 

8.5436- 01 
—6.05 76—01— 

8.9436 -01 

6.0575- 01 

— -0. 94 36—01- 

6.0576- 01 

6.5436- 01 


1.0576 -01 

1. 0576- 01 
-1,0576-01 — 

1. 0576- 01 

3. 9436-01 

—3. 9436—01 — ■ 
3. 943E -Oil 

3.94 36-01 

1. 0576- 01 

1.0576- 01 
—1.0572-01— 

U 05 76-01 

3. 9436-01 
— 3. 94 36-0 1- 

3.9436-01 
3. 9436-01 

1. 0576- 01 

1.0576- 01 
—l. 0576-01- 

1. 0576 -01 

3. 5436 -01 
—3. 5436—01- 
3. 54.36-01 
3. 9436 -01 




___ > !°. t«SSiiUSl— *.«- «**«- 


'h 


-5HC»6H5f 


CUMULATIVE THERMAL LOAOS FOR loao increment 1 


60 ,0 

-, rt 250 250 270 


7D 80 ‘*0 I”” 

oe _<Hr-OT28*oo{Mit-Or^ 20000^*<w— 


-O^MOOOE 


— 77ft 2 flO cW 







RESIDUAL ORH * a,293a4iE 00 

RESIDUAL !OPM « 0.40175E 00 

-RE S 100 4t-n 3RM-’* — 0i2875ie-O5- 


INCREMENT— — 1 — — ’ 

MECHAN IC At. L0AO CURVE FACTORS ■ 0.1300E 01* 0.0 

CREEP T I .RE INCREMENT = 0.0 ir i TCCn ATTOIl m U lTC ■ 10 

N0 " if 1 T cte ora changed e? astk'ITpl ast te , 'o' integration points plastic to elastic during this increment 

SPECIF TED TAX. N3. STIFFNESS UPDATES * 3* NO. UPDATES PERFORMED = 0 

SPEC IF It 0 MAX. NO..— HERATT-CNS P ER U PD AT E * 10*— NO* I TF RATIONS ■ PERFORMED 5TNCC LAST UPDATE • *i 

S PE C IF 160 MAX. UNEAL ANCEC-FOKfe ERROR ■= G.IOOOE-Q4, ACTUAL ERROR * 0.2879E-05 


** N'dOE •• 
NO- i.O. 


CUMULATIVE INTERNAL FORCES AND DISPLACEMENTS 

**■*•*■#«**#..***•*** FORCES ****** »’*»***♦ *•**> 

U V * 


* *♦« . 


10 IDO 

n id 

1 2 — I 2J — 
13 130 

1* 14 J 

-C5> — ISO- 

16 to I 

17 170 
-id i d-J- 

19 1 9 ) 

20 200 
-21 — t-fc-O— 

22 2 2 J 

23 Zi) 

25 25 1 

Zb Z 60 
-27 — 274- 
Z-9 Z 80 
23 2 30 


— Obi 40040 7>E - 05 -0. 125000SE 00 0.444502 OE-Ob 

0. 1699103E-06 -0.2500004E 00 0.984129OE-07 

— 0.. 2 Ol 91 366-0 6 — 0 ,1249999 F-00 — 0 ,292 & 5676-06— 
C. 69 060 JfcE-06 0. 5032 84 0F-06 0.439 5064F -06 

0..2669880E-06 237 I036E -06 -0. 1 7P.405 Tf-Qb 

— 0. 3:0 9524 46 -OS — 0. I l 50552E-06 - (1.23570185-07- 

0. 17428918-06 -0. 205>P 7B9F-06 0.43041885-06 

Ci. 6 74 3&69E- 07 H. 1245496? Dll -0.2377780? -06 

—C,. 6 164924E-06 — 0-2449493E-00 — 0.604 7 3556-07- 

— Qi. 6 5065 1 ’if—O 7 0.1 2500005 00 0 . 126 726 2 E-Oo 

0.6795.1366-07 -0.25006026 00 -0. 11921745-06 

— 0. 261 04 7 7E — 06— — 0<. 4995995E OD--Oi.738'2 l 59oC-0 7- 
0.694228 5t.-06 -0.24i9995.HL 00 0.. 124 4 6485 -06 

—0.33771 835—06 0. 24 3 1 55 dE-Oo -6.3aoU77oF-Oo 

— 0 . 5 l 7 40 3 26— 06 — 0.4 3 7 1 74 7 2-06 — O. 305 66035—56- 
-C.4203317E-06 0. 1 24 5526F-06 - J. 381 1552 E-06 

0.. 1919924E-06 0.12155797-06 -0 . 207 3&56E-06 

— 0.5478049E-U7 — 0.2499939- 00 — O. 17718 l 06-06- 
O. 72544946-07 0.4°955d3E 00 0.68 4 83:086 -07 

- 0. 2.394 3o 1 E-06 0, .24999955 00 0. 146 1 3“» 7E-06 

— 0»i-l2fl4'29E— 05 — 8 .3 250032?— 00 — 0-. 52648426—06- 
0. 16443 166-06 -0.2500002* 00 -0.4644028E-07 
0.9761O5UE-O7 -0.1249999? 00 0 .6 17 68 332 -07 

— Or. 2 2601 556- 66 — 0 .2 1'2 1694 5—06 — 0 .361 5 3555-0 7- 

— 0. 4 1 44 5 54E-C 7 0. 1 83751 IE-06 -0.28 3 6 7766 - 06 

— 0. 4313935 e -06 0. 1 363 3756-06 0 . 21 1 1 61 38 - Ob 

— -0..36 d 33 66 E— 07 — O-.l 444342 F— 04 — -0.2 48 5 M2 E -06- 

-0. L294312E-06 0.12459956 00 -0. 3165 3J9E -07 

- 0. 10 ) 7'24'DE-O 7 0.24959 92E 00 0. I 79 5 6 7BE- Oo 

—0.49589945-07 0. 1,2499966-00 — 0. 14520576-06- 


DI SPLAC EMENT S 
V 


* *» **.»*•»»* •» 


.0 0.0 0.0 

.6854 534 E -05 0.0 O.U 

w73 12 1 62E - 06 — 0.0 

.71525575-05 0.3245999E 00 0.0 

. H6H 3 146? -05 0.65000 1 2E 00 0.0 

. 7569 790 5-05 l>. 65000036— 00 — 0 .(» 

. 7331 3 71 E-05 0.64994928 00 0.0 

. 73"*6o5 1 fc-Ub 0 . 12 99999E 01 0.0 

. B94.769 76-05 0.-12445946—01 0^0 

. 7od8594 E-05 0,. 12649996 01 0.0 

.731 6470E-05 O.U 0.26263306-06 

.59604645— 05 0.0 -O. 1434 237 6- 0 6- 

.6973 74 36-05 0 .0 -0.1 1 362 1 4F-06 

. 57220466— <15 0 . 32 5000 8E 00 - 3 . 2 I6i>6fc8E-06 

,M 7'5 9486-05 0. 65000095—00 U» 4-8.167 6 4 r-0«>- 

.61 392 785-05 0.6500(1066 00 -U. I 7661 39 r -Oh 

.6493906c -05 0. L499996E 00 -0 . 5 3946 86? -06 

• 61 26 335c— 05 — 0. 12949996-01 0. 109»96l6- Oo- 

.64 75 720 E-05 0.12999996 01 0.0 

.66 16116E —0 5 0.1295999E 01 -U . 3 5390 2 65 - 07 

i.O 0*0 0,0 

1.50 66 39 5 E-05 0.0 0.n 

. 5 364 41 B{ -05 0.0 0 . 0 

• . 4 ti 8 7 5 8 1 €—05 — 0.3 2 500006-80 — 0.0 

I.5722046E-U5 0.65000066 00 0.0 

i.4Hri 7581 E-05 0.6500004? 0<) O.tl 

I . 56624416—05 4.644459 75 0 0 0. 0 

I . 47 18S69E-05 0.12 999 99? 0 1 0.0 

1.60796741-05 0. 1299599E 01 O.K 

1.637 769 7-F — 05 » 12999995 -04 O 


%% 

-W&- 

O 


ci y 



thermal and elastic strains 


INTEGR. 


POINT 


POINT 

l 


incremental 

THERMAL STRAINS 


*+**'<.**»****i**<=*"» INCREMENTAL ELASTIC STRAINS •»•»•**•*****•"♦*** 
... - TT It'Y R t 




0.30005 OC -0.3000E 00 

0« 3.000 E 00 -0.30005 00 

-orfOiioE-Oo orfeaot-w 

D.3000E 00 -0.3000E 00 

O.30OOE 00 -0.3000E 00 

-O. 3000 f - 00— 0.3000?— 00 

0.30.105 00 -ft. 30:008 00 


O ioOOF n -0.30005 00 0.2AB8E-06 0.3956F-06 -0. 

StlS n - Si *** » ■*. 


-C0MULAT- I'VE 

THERMAL STRAINS 
0.30005 00 

O*-30O0E-00 

0.30 10 c 00 
0. 30005 00 

0. 3000E 00— 

0.3000E 00 
0.3000E 00 


0.4T11E-05 -0.394*6-05 

0.4 556 £-05 0.614RE-06 

-OtL 232E-OS Orf I9 ut 06- 

0 . 1660E-O5 O.i 12 l5f-05 


XX 

-0.3000E 00 
-0.30006-00- 
-0. 30006 00 
-0.3000= 00 
-0 .-3 ft 00c- Q 0- 
-0.30006 00 
-0.3000= 00 


vz 


,26766-07 

,27465-Ob 

r50036-O<r 

.19445-07 

.66566-07 

>10505- 0 0- 

.15266-06 


(V XZ TZ 

0. 410 5 E -06 -01.610 6E-05 -O.T631E-07 


S : tonne Si - S . IooSe 00 0, 17935-06 0 ^91075-06 -0 .50035-06 

" S : ton 06 ^^^^. 61686-06 0.66565-07 

O.to.105 01 -0.3000E 00 0.1232E-05 -0.2196c-06 -0.155«- 0, 

0O0£-~at — 


-00 30:005 00 0*10005 01 -0*30005 00 

-0.30006 -00 O. lO.tOE-O l 

-0. 3000E 00 O.lOOOE 01 -0. 3000E 00 

-0*30005 00 0.10006 01 -O.3000E 00 

-0.36005-00 0.10006—04 0.-30006-00- 

-0.3000E 00 0.10006. 01 -0. 3000E 00 


VY U 

0.10005 01 -0.30006 00 


ELEMENT 
*0.— I >Or- 
l 10 


INTEC-R. 

--POINT- 

1 

2 


INCREMENTAL 
—PLASTIC- *00 
0.0 
0.0 


***************** « 


INTcCR. 

POINT 


CUMULATIVE • 
PLASTIC WORK 


CUWLAT i«€ PUSIK ST«A1«S "**“* ' V '" 

» “ . » „ “ „.„J 







CUMULATIVE STRESS QUANTITIES 


INTEGR. 
P HINT 


A- 

5 

6 


-INTEGR-. 

PQil'NT 

l 


EFFECT IVE 
STRESS CENTEF. 

0.0 

0.0 

0.0 

0.0 

0.0 


-EFFECTIVE 

STRESS 
0.2000E 01 

0 .20006—04— 

0.2000E 01 

U. 20 OOF 01 

0. 23005-0 1- 

0.2000c 01 
0. 20-TOE 01 
Q.2OOOE-04- 


XX 

- 0.0 

0.0 

0.0 

- 0.0 

0.0 

0.0 


♦♦♦^♦♦(.CUMULATIVE STRESS CENTER rt»M**M***>**»M*v***»t*y«»- 


VY 

- 0.0 

0.0 

0.0 

o.fl 

0.0 

0.0 

- 0.0 

0.0 


_ . — CUMUL-AT I 

XX W 

0. L605E-05 0.20006 01 O. 

-0.-9 1-70E-&6 0. 23O0F — 01- — — 3» 

0 . 18 35c— 05 0.2000c 01 0. 

- 0 . 1(3056-05 n.zoone 01 o. 

- 0. 15566-09 0.2000E -01 0. 

0.91 TOE -00 0.20006 01 U. 

0.19 726 -0* 0.20006 01 0. 


V6 — 5706556-5 — 
ll XV « ** 

9 l TOE —06 0.631 5E— 06 -O.6538E-05 -0.11 746-06 

0.30296 — 06 0.-V-7-O26 — 06 0^54 176 -0T- 

20636-05 -0.290d6-06 -0.70526-06 -0.9229E-06 

91706-06 0.27566-06 0.l9l3f-05 -0.90511-06 

6 71 1 6-05 0.7 257 E -05 — -O. MI686-05 0 . i! 59 1 E-tt 7 

i375i£-05 0.70106-05 0.99596-06 0.1029—06 


51706-06 

87116—05 

U75E-05 

96286-05 


0.2591 E-ltf- 
0.1029—06 


. Io05c-05 0,.i2 OOOF— -O t O. ; 


0. 18956-0 5 -0. 33 7 85-06 -0.30 i 26-06 

_0, 25536—05 0,4865. — 05 -O .5-^2 9f— 06- 


PLASTIC AND CREEP STRAINS 


Ll_pL-Cui D »,NERFNENTAt T42TAL SURFACE ***■*— E FFECT-tV E--M.-A5-H 

C00= CODS TEMPERATURE TEMPERATURE YIELD SIZE INCREMENTAL SUM FNCR. 

- HI TftrtrtC »% t ft . .A ft - ft 


0 

1 

a- 

l 

o 


2 0.10006 01 0.2000E 01 0.20006 01 0.0 

2 — 0.-10006—04 0^20006 — 01- — 0.20006 — 01 CW-O— 

-2 0.10006 01 0.2000E 01 0.2000E 01 0.0 

2 O.IOOOE 01 0.2000E Cl 0.20006 01 0.0 

2 - 0. 10006-01 — 0.20005-01— 0.20006 01 — 0.0— 

2 O.IOOOE 01 0.2000E 01 0.20 'Ml 01 0.0 

-2 O.IOOOE 01 O.ZOOOE Cl 0.2'OOOE 01 0.0 

-1 0. 10006—01— 0.20006-01 — 0.20006-04 0«0— 


0.0 

0.0 

0 . 0 - 

u.o 

0.0 


:umulaTi vt 

0.0 


INCREMENTAL SUM I NCR. 

0.0 0.0 




si-rni 


I'NCREMlE'tT 


Tf £“ E + ^0.300o5f 01 0.30000E Oil 0. 30D00E 01 0. 30000E 01 0. 30000 E 01 0.30000E 01 0.31)000? 01 0.30000E 01 U. 30000= 01 0.30000f 01 


-fo- 






TEHP? e ^ >0 0.30000e 01 0. 30000 E 01 0.30000E 01 0. 30000 E 01 0.30000E 01 0.30000E 01 D.30000E 01 0. 300OOE 01 0.30000E 01 0.30000E 01 


-HjO- 


-ir?0- 


-+*#- 


t s o 




■ 'lEMpf 1#> C- 300001 01 0.300 2 »0?~^TO. 30000? 01 0.3000^ 01 O^MOTM 01 O- 30OG0E 01 0.30000E 01 0.30000? 01 0.30000? 01 0.30000F 01 


-*70- 


-Mf- 


—240 300- 


Hfe S 100A L 0» SA0 R9E— CO- 
RES IDJlAL NJiSM * 0 .VO 6 5 1 f OO 

Rc i 100 Al IJiRK * 0.A1035E 00 

RE 5 1DJ At .1 HRH— — a.aSSStoE-OO- 

RE SI DUAL AlJRM * 0.28 l A6E 00 

residual .mH * m >6 3os oo 

-RES 100 AL - 10 RM -* — 0. 368 A 3E-0it- 
RESIDJAl iO'RR 3 0. 49 T52E-01 

RESIDUAL 1J-RH * (1. 16 7 ABE -0 1 

- RES IDO AL NORM — - 0. 13210E-01 
RESIDUAL NORM » 0.28 2 So E -02 

Ri S lOU'AL 0 1«M * 0. 71523E-0A 

S,fc S I Do At— 1JRM — ■ — fl,.2iTAS4;E-OV 

RESIDUAL lO'RM * 0.68801 F -05 





N09€ «* 

— NO- -i.Os- 


*> ■*.***-< * ».*.*'>!'*.**•* 

y (, 


PBfi t E S ******* * »♦+*.**-».* ■* 



— a-- 
9 

- oft- 
9 J 

0,. 7 24195 56— 08 — O. 

- •3,. 30412 10E- 07 0. 


10 

1 00 

0. 1964 3 406-07 0. 

- 

11 

1 10 

0.2 289 3 296 -06 -ft. 


12 

12 3 

0 . 1 1 5 3 6 78 c - ft 7 -0,. 


13 

1 3J 

0. 1 12 5 7 7 56-06 -0. 


1/ 


.f p 1 1 C 1 . 4 7p — 06 0 ,. 


1 tT 

15 

J. *♦ J 

l oJ 

v •■t 1 7.04 • r ' >w »*'• 

-0,. 5016 5196-06 0,. 


16 

1 jO 

0,. 2 740S1 26 -06 -0. 

_ 

17 

1 70 

0 . 1 65404 66 — 06 — 0. 


18 

1 8 0 

-0. 12526636-06 0. 


15 

1 >0 

0,. 2054 3 -.5F- 0 7 0. 



JiA.l, 

l Ou 3 36 2 6-06 — ft. 


£. « 

2 1 

C vU 

«. u 

— , Oi. 0 1'6 5'5 55E — 97 —O'. 

45 * 

22 

2 20 

0.2 31 36 16E — 0(8 -0. 

iVX 

23 - 

2 30 

— —O'. 364.66 76E — 07 —0. 

i 

WmU 

24 

240 

0.23969596-06 0. 

a% 

25 

250 

-0. 2 3 781 3 1,E -06 -<». 

. 

26- 

2 jO 

0. 165*38 786-06—0. 


27 

270 

-0.431 .93 2c-07 ft. 


28 

2 3 0 

-0.21710)156-07 0. 



29 

2 40 

-0.445to49E-08- 0. 


30 

330: 

0. 31252386-07 0. 


0. 5 l72'5 69E-07 -0. 1562499E 00 0 .' 

0.9715 7 11 £-0*7 Or. 3-E24 944 6— 00 — G -•! 

Si. 1 4 1 1 3'126 - 06 -0.1562499E OO 0.. 
0.21 8 618 3 56 - 0 7 -0.. 1 535602 C -06 0. 

-0. I 5 1 49 8 26-06 — O. 13 320626-0 7 — ft * 
0.19532936-07 0.29289906-06 -0. 

0. Is 729096-06 0.83672276-0 7 -0. 

-Oi. 7 24 196 56— 0 0 — 0.15624966- 00— Ov 
••1. 30612 306-07 0. 31245906 00 -0. 

0 • H64 3 40.6— 07 O . 1 56.2 4 966 Oil — 0 -> 
0. 2 23.13 296- 06 -ft. 3 t 2 4998"= 00 0 

0. L 1536266-07 -Oi. b 24999,06 00 - O. 
0. 11237756-06 -0.31 24 9956 00 -ft.. 
■0 ..2 135 6 4 76 -06—0,. 1 7 862 29:6- 06 — O . 
•01.5.116 5196-06 0 . 1 3 1 t 4436-0(6 0. 

0 ,. 2 243.5 1 26-06 —ft. 5, it) 9 05 9 6— 06 -0 . 

0. 1 65404 66 —06 —0. 7 1 3465)86—0 7 0. 

•0.125,26616-06 0.3124961E 00 0. 

01. 20543 ".56-07 0.62499796 00 -0 . 

-0.. lOu 33626-06 — 0.3 1.2459 IF- 00 — O. 
-a,, o 16 15 556-07 -O'. 1 56?49>flF 00 -0. 

0.2 3116 166-0(8 -0.3125001= 00 -0. 
-0. 16466 76C— 07 -0. 156.249®F 0:0 0. 


9 5 7 8 24 76 - 07 
16 657896— 06— 
2 15,05526 -06 
54326716-06 
1273i6146— 06 — 
3,224 1326-06 
1950U48C-06 
152 18226-06— 
21633376-06 
104 39306 —06 
,6 31 1 6i)id6— 07— 
75i,)066S)r - 0 7' 
339 IHOl'll" -06 
311 25506 — 06 — 
1 25 769 91 -06 
1 30 0 1 62 F- 06 
11754 756-06 - 
o J*. 35 Jfl'E-07 
11142956-06 
.4931.0706-0 7- 
, V lHfcM4t-06 
6692 1 70E -07 
4 99 34 8 7E -0'7- 
. 141 81 89c— 06 
.50523796-07 
JjOUO 36-06- 
, 307 1 1696 -06 
>79313236 -07 
,351 943OC-06- 
. I 703,901 F - 06 


OISPLACEHENTS »*,* 


0 . 28 12 1 5 96 -05 0.0 0.0 

0.24642106-05 0.69559586 00 0.0 

-Or. 31 1037136-05 — 0.1 4 000006 - 0 1 — 0.0 — 

cl,. 301)91266-05 0.14000006 01 0.0 

0.301 3 801 6 -05 0.13499996 OH 0.0 

-O.20'58rt51£— 95 — ftv27555 996 - 01 ftrft 

O . 349401 1 6 -05 0. 2 7999'996 01 0.0 

ft .38/39 74 6 -05 O - 2 79999 9c 0 1 0.0 

I). 344 2 41 8 = -05 — 0 .0 — <1. 281 55 3 66-06 

0.242 7951 £—115 0.0 - L>- 12959426-06 

0;. 1 88 7 06 7€ -05 0.0 - 0 . 44462 5 dr - 06 

-O . 20 ol H63i6-U5~-e. 7OOO0O6C— OO — 4'. 1 2499-78t — H6 

0 . 138 15201c -OS 0 . 14000006 Ol 0,. 1570841c -On 
0 .IH 3:59551-05 0.14000016 01 - 0 ,. 3 830 3546- 08 

- 0 . 29622996-05-' 0 . 14000001-01—0 . 3 1 365966-06 — 

0.87 >4 371 E —06 0.275 5 9 49 6 01 0.23066376-06 

0.21833 796-95 0 .2 759959L 01 0. 6 125118 IE- 08 

-O . 3 4 i 4 1 o 7 £-05 0 . 2 .75 9 4 906-01 0.* O 4 410 56-06 

0 .0 0.0 0 .. J 

n. 145 7 794 C— 05 0..0 0.0 

-0.46321676-06—0.0 0.0 

0 .15132 7,6 E - 05 0.7000 00 5E 00 0.0 

0.115:14006-05 0 . 1399999E 01 0.0 

— 0 . 1 1 1 2 75 8(0 -40 5 1 1.-1 4000006- ftl- — 0.4 — — — 

0.2251 9321-05 0. 140 0001 1 01 O..CI 

0.194 31)081-06 0.2799959E 01 0.0 

- 0. 14629421 -0 5 - 0. 2 7949996-01— 0.0 

0 . 34 72 9586 -05 0 . 2 75 5'9'94 £ 01 0..U 


THERMAL AMO ELASTIC ST RAINS 


‘FMT EGR . 
P 3 IN.T 


-IMT6GK. 

POINT 

l 


INCREMENTAL 
THERMAL STRAINS 

-0.50006 — 00- 

0. 50.006 00 
0.5000E 00 

-0. 50006 OO 

0.5000E 00 
0.5000= 00 

O • 500 * 16 - -OO 

0.5000= 00 

-CUMULATIVE 

thermal strains 
0. &OOOE 00 

—0.80006-00 

0.80006 00 
0 .80*06 00 

0 . 80006 - 00 

0.80006 00 
0.80*0? 00 
— -0. 80006—00 — 


***♦ . * . * 


0 . 21*276 
0 . 2=806 
- 0. 20866 
- Oi . 72 l 2 E 
0 .. 11 926 
-0.6>»l-AE 
O '. B 34 ’ 5 E 


,«**.*„ M incremental elastic strains *»«■»***• ******* *' t *‘-** * v 

^JS ^i ; -i“ w 8T JL S S 

s «BSS-iSSg 

35883 

-015 - 0 . 101 3 = —03 0 . 1 1926-06 a -«.: 2 «-> b 6 -<> 7 - 


0.17656-06 0.75906-0/ 

- 0.06 1 9 c -06 o. 38661 - -Ob 

0 ., A 1 7 26 - 05 - 0 . ! * 6 7 * V -O 7 

- 0 . 4 * 39?-06 - 0 . 32075-06 


_^ A »~*-*-*** M - *— CUMUL - aH V « - ELAS - T - lt - STRAINS - - 


-0.30 005 00 0.10006 Oi -0.3000? 00 -‘>-58i3E-06 

-LK 30 00c— OO 0.4 0006-01 -O. 30006-00— -0 -32 1-76-06- 

-0.3UU10E 00 0.10006 01 -0.3000E DO -0'. iaA3t-;06 

-0.30C0F 00 0.1000= Oi -0.3000= 00 O-U'WSw 06 

- 0.30 00 = 00 O . lOOilr 01 o . 3000 e - «»— -«'• * o 8 - 2 E -06 

-0.30005 0 0 0.1000E OH -D.3'000 f OO -0*^2ME 06 

-0.3CVO0E 00 0.10006 01 -0.3000= 0:0 


x l 

- 0 . 3000 ? 00 - 0 . 58136-06 0. lHOlr - O6 - 0 • 

-*», 30006-00— —0 - 32 1-76-06 O.H-«9r-06 -O. 

- 0 . 3000 E 00 - 0 . I 6 A 36-06 6^-06 -0. 

- Oi . 3000 £ 00 0 • i to 5 t - 0 6 0 . b 6 7 Tb - 0 7 J . 

-0 . 3000 is- 00 0 r . 7 o8 ^£ W1b Q.ZW 1**0* 

- 0 . 3000 - 08 - 0.625 IE -06 0 . 1 7 ( 151 - -06 - 0 . 

nn - 0.505 76-07 - 0 . 231 76-06 -0 - 


1. 30 001: 00 o. UWU': ui -- - ,^ r .... 

>.50006-4*0 O- 1 0006- 06 O.r3000=-O0 0.30 c 9 6-06 


Y l 

1 2 30 ; -06 
, 2 b 56 t— Ob— 
1 V 37 F -06 
2 u 3 Tr -06 
' 1 l 52 ? -06 - 
.2561 £-06 
. 2 2 3 b? -06 
, 2 v 76 - 6 — 06 - 


PLASTIC WfliRK AND STRAINS 



IINTEGR. INCREMENTAL 
pjj.jWT -PL-AET-TC— WORK 

1 0 . 11251 : 01 

2 0.1125E 01 

a. #. 44-2.66-04- 

4 0. 1125? 01 

5 0. 1 1 256 01 

A — O. 1 1 2 5E -01— 

j O . H 25 E 01 

e 0.11256 01 

TNT EGR . CUMULATIVE 
P.J HN'T PLASTIC WORK 

j 0 .1 1 2 56 — 04 — 

2 0 . I 1 25L 0 1 

3 0.11256 01 

t, — 0.14 2-56 — 04— 

5 0.11 2 5F 01 

6 0.1125F 01 

1 0. 11256-01- 

a 0.1125!} 04 


*«*»«** *'»«»■* *■«*» -r 


INCREMENTAL PLASTIC STRAINS 


1 ...» »■*» * 1 • T* 


- 0.25005 00 
- 0 . 2500 E 00 
- 0 . 25006 - 00 - 
- 0 . 25 DOE 00 
- 0 . 2800 E OO 
- Q . 250 : 0= — 00 - 
- 0.25005 00 
- 0 . 2500 = 00 


vv 

0 . 5000 = 00 

O'. 5:0006 DO 
— 0 . 50006 — 00 — 
0 . 5000 F 00 
0 . 5000 = 00 

— 0 » 5000 c— 00 

0.500OF 00 

0.50005 no 


- 0. 25006 00 
- O . 250 OE 00 
- 0 ^.- 25006 - 00 - 
- 0. 25005 00 
- 0 . 2500 = 0:0 

-O. 2500E OO- 
- 0 . 250 OE DO 
- 0.2 51 ) 0 = 00 


- 0 . A 842 E - 0.7 
- 0 . 18836-07 
.0-^10- 7 - 96 — 0 6- 
0 . 8 * 5 56- *17 
0 . 1 1351-05 
-0.44936-0®- 
0.326 76-06 
0 . 5731 E - U 6 


. 11525-05 - 

. 13 946-06 - 

^34-64*6-06 ■ 

. 28095-06 
. 106 9 E -05 

.230 37-06 

,. 13'2 AE - D 6 
, 3656c- Oh 


- 0 . 5 7 366-07 
- 0 . 750 o =-07 

. 0 . 4 - 361 -c— 06 - 
- 0 . 2 1926-06 
- 0 . 3 7 32? -07 
“0 .4606 = — 0 7 
-0.121 bit -06 
- 0 . 1 1 » 5 1 1-06 


* . * ... * * * **•* *». 

XX 

- 0 . 25006-00 0 . 

- 0. 25006 00 0 , 

- 0 . 2500 ? 00 0 . 

— O. 2 - 5 O 0 ? — 00 — —O' 
— 0 . 2500 E 00 O' 

- 0.25005 00 0 

-U. 2500 E -00 O' 

- 0 . 25 OUE Q'Q 0 


.■« ... Cl'IMCILAT I V'E PLASTIC STRAINS ** 1 

YY l l *Y 

, 5 : 000 — 00 — — 0 .25 00 E -00 O • 4 86 26-07 

, 5 'OOOF 00 - 0 . 2500 = 00 - 0 . 18 ' 83£-07 

, 5000 = DO - 0 . 250 * 1 = 00 - Oi . 10 795 06 

„ 600 . 16 - 00 — - 0 . 65006-00 0 ^ 86556 - 04 - 

, 5003 ? 00 - 0 . 2500 = 00 0 . I 135 E 05 

5000 = on - 0.2 500 'E 00 0 . 11931-0 5 

. 500 * 1 = no 0.2 500 = 0 . 0 - — 0 . 3247 ? 06 — 

. 5000 F no - 0.25005 00 0 . 573 U -06 


it*. * J *v -*» * 

X 2 T l 

— O . 14526—05 - 0 . 5 7364 - 07 - 

0 . 1349= -06 - 0.7 5'06 5-07 

- n.21 606-06 - 0 . 13745-016 

- 0 . l**t 9 = - 0'5 — 1 . 3 7 326-07 

0.230 36-06 - II . * 634=-07 

— 0 . 1 32 *=-06 - O . 121 86-06 - 

0 . 36486-06 - 0 . 1 6 51= -06 


cumulative stress quantities 


ELEMENT 
NQl« I*D'* 


INTEGR. EFFECTIVE 

POINT STRESS CENTER 

— t ilvMIOOE— 09- 

2 0. 5000E 00 

3 0.5000E 00 

4 -0.-50 JO=-00— 

5 0. 5'00'flS 00 

6 0.5000E 00 

1 -0, 5000=— 90— 

8 0. 50 OOF 00 

POINT STRESS 

l 0.2 5 OOF 01 

j 9v2SJTE -Ot- 

3 0. 25, JOE 01 

4 0.2500 E OH 

5 0.25006—01- 

6 0.25G0E 01 

1 0. 250016 01 

* 0.2500E--01- 


* ******* *CUHULAT 1 VE STRESS CENTER 

XX VV . . n ^ ^ 


-0. 166TE 00 
-0. 166 7E 00 


0.33336 00 -O'. 166 TE 00 -0.1,2556-07 0.92516-07 -O. 

0.3333= 00 -O. L667E 00 -0.7192E-07 -0.1.^0h-Ofc -0. 


-0. 166 7E 00 0.3333F 00 -0. 16*>7E 00 

-0. 1.6.6 TE 00 0.33336 00 -0»16lTE 00 

-Q— 16 6 7.E-O0 0 . 53 3 3F— 06 3,16675— 60 

-0.166 7E 00 0.3333c Oil -O. I.M. 7= 00 


0. 7570E-06 -0.71276-06 -0. 

0 . 795&F-06 0.15 3>5F -06 -0 . 

-0-.2T.t65F— <H» 0,-ftw2St— OT O. 

0.3821E-06 0.29646-06 -0. 


*.***«• 

yz 

50095-07 
52 76 5-0,7 
1455S-06- 
29885-07 
j')o9=-07 
8123k— 07“ 
1 1<H =-0b 


XX 

0.5731E-06 0, 

-0 . 37 2 56-05 -0, 

0. 2IVU6E-05 0, 

0.55855-05 O, 

-0 . 85 9 7c— 06 0, 

0.35395-05 0 

0.286OE-05 0 

-0. 71 695-05 0 


- CCIMUL-A-I 

VY 

,2500? Oil 0, 

250.16-01 a- 

.25005 Oil 0 

,2500c OH 0 

,2 5110=01 O 

,25005 OH 0 

,2'SOilf ol o 

,25005-01 9 


I VE— STRESSES — 


1 1 

. 2 8bb'£— 06 
.1 7195=315- 
. 1719c -9 5 
.22925-05 
:■ 286oE—06- 
.11565-05 
1.9, 8725-05 


*T Kl il - - 

-0 . 1 1 18 £—05 0. 3563r-06 -0.24626-06 

.-0,6 18 75-06 0 .93981?— 06 O.S HI 89-06 

-0. 33955—06 -0.55195-06 -0.3o2U=-Oo 

0.2 1.2 5£— 06 0. IP 9.2? -06 -0. 39175-06 

q ., 142 75-05 0.53985-06 0 .,2 215 5-06- 

-0.02525-06 O. 32'B 7k -06 -O.*. 3 3, 7 5 -06 

-0. 17925-06 - 0. 55 5 5 c -06 -0.5305 c-06 


.5'0f£'C-U6 -V. t PW*-W» -- — 

,45655-115 9. 53255—06— — 0.1.2 309-06 — 0 .4 f »8c- 06- 


CREEP WORK AND STRAINS 


INTEGR. INCREMENTAL 
■ P O T NT— CREEP- OORK 

1 0.1125= 01 

2 0.1125F 01 

) tn-U25fe-04r- 

4 0.1125= 01 

5 0.1123E 01 

6 0. 1 1 256-01- 

1 0.1125= 01 

6 O.U25F 01 


INiTEGR. 
PQ INT 


comulat : ve 
CREEP NORX 

0.1 125E-91— 

0.11256 01 
0.11256 01 

0^11258-04- 

0. 11256 01 
0.11256 01 

O. 112 55 01- 

0. 1 12’5E 01 


XX- 

-U. 25006 i 
-0.2500= 
-0.25006- 
-O. 25006 
-0.2500E 
-0. 2500c 
-0.2500c 
-0.2500= 


incremental creep STRAINS ».**.*•»**♦«*«.*.♦*. 

y. y_ ■ — 2^ — XV — ? ' 

,50006 00 -0.2500E 00 -0.4892E-07 -0.115,26-05 -0 

,5000c 00 -0.2500c 00 -0. 1883E-07 9*i?**f"°* 

,50005-90 9.25006-90 9^19795-06 m 

,5900c. 00 -0.25006 00 0.855 5E-0 7 0.2899? 06 I 

.50006 00 -0.2 500= DO O.U3SE-0* “®» ",®* *! 

.50,7.1k- oo 0. 25006 90 9. U936-05- 0.2 3C3c-0b 0 

5000= 00 -0.25006 00 0, .32971-06 -0. l325c-96 -0 

.50006 00 -0.2500E 00 0.5 7316 -Ob 0.3696c-Ofi -0 


00 0. 
00 0 . 
9j_— -0. 

00 O. 

00 0 . 

00 0. 

00 0. 
00 0. 
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.5 T36E-07 
.7 506= -07 
.1-3916-06- 
.21826-05 
. 3 7 32 1 -07 
I »4t»04E— 0 7— 
I, .12135-06 
1.16516-06 


***. 

XX 

-0 -.2500c -90- 
-0.2500E 00 
-O.250OE 00 
-O.26OOE-90- 
-O.250OE 00 
-0.25 00E 00 
— O. 25005-00- 
-0.25 006 00 


CUMULATIVE CREEP STRAINS ...... 4 .-M -** ..*•< 


VY LI XT 

, 5000E- 90 O. 25006-00 9^98426-07- 

,50006 OH -0.25OOE 00 -0.18836-0? 


0.1394E-06 


yi’uwr wu ’u.tvvwt. ^ n , .. 

50006 00 -0.2500E 00 -0.1079E-06 -0.2160E-06 -O 

59006-00 — -0.25006-00 9-04556-0-7 0.28936-0* O 

5000c 00 -0. 25006 00 0.1135E-05 -rt. 10696-05 -0. 

5000F 00 -0.2500= 00 0. 1 1936-05 0.,23U3r-06 -0, 

-0.3297E-06 — -O. 1334c -06 0, 

0. 57316-06 0.3656? -06 -8, 


,5000c 00 -0.25006 00 

,5000c 00 -0.2500= 00 

,^000= 09 0.2 5006- 00 

,5000c 00 -O. 2500= 00 


V l 

5 7 366-07- 
7506E-07 
, 1 391 c-06 
31822-06- 
,3/326-07 
9608E-0T 
,12186-06- 
,16516-06 


PLASTIC AMO CREEP STRAINS 


f 


SURFACE 
-VlEtB-SI 
0 . 2000 ? 01 


ELEMENT NO. - l 10 » 10 

in t e-p suh incremental total 

P.VT- - COOe- ■CODE TEMPERATURE- T E M PERATURE 

1 

2 

— ---3 

5 
5 

b -- — 9 i 0. 10006 -04 — « . 3000 5—OH 0.20004-01 

7 12 0. lOOOt 01 0. 3 000 F Cl 0.2000? 01 

0 1 2 0. 10006 01 0. 3000 E 01 0.2000E 01 


**** EFFECTIVE PLASTIC STRAINS *** 


*•♦**» EFFECTIVE CREEP STRAINS **»■» 

I'TTVE- 

0.500PE 00 0.5000= 00 0.5000F 00 
0.50006 00 0.50006 00 0.50OOF 00 


0 2 0.10006 Oil 0.30006 Oil 0.20006 01 0. 50006 00 0.50006 00 0.5000E 00 

0 2 0.10006 01 0.30006 01 0.20006 01 0. 50006 00 0.50006 00 0.5000F 00 

j — 0.10006-04 — 0 . 300(1 6— 01- -0.20006-04 0. 50006 00 —0.-50006-00 — 0 .-50006—00 -O »S01H>ir~00 — 0.50006— 00— O.f*00ot-00— 

0 2 O.iOOOE 01 0.30006 Oil 0.2000c 01 0. 50tlOiE 00 0.50006 00 0.5000E 00 0.500OE 00 

1 2 0.10006 01 0.30006 Oil 0.20006 0 1 0.50006 00 0.50006 00 0. 50006 00 0.50006 00 


0.50006 00 0.50006 00 

0. 50CI0IF. 00 0.50006 00 

-0.50 >06 OO O.H 

0.50 >0 6 00 Oi. 50006 00 
0* 50006 00 0.50006 00 


0.50006 00 
0. 50006 00 


0.50006 DO 
0.50 OOF 00 


0.5000c 00 0. 5000f OO 

0.50 )0F UO 0.5000; 00 
, 5 OOOS-OO — O. 5000 6 -OO- 
0.50104 00 0 . 500 ivr 00 

0. 5 0006 00 0.5000F 00 
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COMPANY 


14.3 DISTRIBUTED LOADING PROBLEM 

A 1.0 x 1.0 x 1.0 cube is again used, to analyze a problem with linear 
variation of stress and strain. The loading is a uniformly distributed 
vertical shear, applied on all four vertical sides of the cube. Midside 
nodes are used to demonstrate equivalent loading values, which are in 
the ratio of 1:4:1 for the bottom,, middle and top nodes, respectively. 
The input data and results are listed at the end of this section, for an 
elastic situation. 
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Figure 14.3- 1. Distributed Loading Problem 
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3.0 

0.0 

1 
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2 

10 . O 

1.0 
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0.0 

1 c.o 
1 .0 
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1 

3 
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iccc c.o 

10 1.0 

20 0 *0 

30 1 .0 

40 0.0 

50 1.0 
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0.0 l.o 

C. C 1 . 0 
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ZERO POISSONS RATIO! 
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0.8 ^.0 

2.3 7.0 

1.15 12.0 

5.1625 

2.5 A .0 

4 .0 7 .0 

2.0 12.0 
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3.5 
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STARTING PROBLEM 


BQP ACE 3-J CHECK WAR I ABLE STRESS-STRAIN, WITH ZERO POJSSBNS RATI 01 


02/10/75 


33LUT I 0 M -H5 THOO-CGDE— « 


MiXIMJ'H N Ji. ST IPFNESS UPDATES PER INCREMENT = 
MAXIMUM TJ'IA.L ITERATIONS PER INCREMENT = 

HA X IlHJlM EC A STIC l TcftA TItN5-PEP^HC-REMENT- 


10 


MAX I'M JiM MAGNITUDE POP EL AST HG-PL A5T HE SUM CODE 
MAXIMUM RcJJCT IC.iS = 1 

- CC'HViETGENCE P E OUC T ICH f AC T OP- - — 0.50000E 00- 
MAXi'MJ’H SPECIFICS ERROR NORM = O.l'OQOOE-04 


FRACTION «CM END OF I NC K EM 5NT TO EVALUATE SLOPE * 0.100006 00 


NJ. 0= MATERIALS = 1 

FA ERIC AT TON TEMPERATURE - 0. 10000 E. 01 


MATERIAL 43. 1 TEMPERATURE DEPENDENT PP0PERT1E S 


I 

-F» 


TEMP3 RA T JR E 
0.10 WE 01 
O'. 21* WE Ol 
iT. 3b OJE Oil 
0 . SO JO E 
—0.45 w:6 
0.51' WE 

0 .ob JJ.t 
- 0.70 ME 
0.80 JOE 01 
0„9C03:E 0 1 
: — 0.10 006 — 12— 
0.12 WE 02 
0.1 3 Joe 02 
— 0.1400c 02 - 
0.1500 c 02 


01 

01- 

0 L 

01 
01 


THERMAL strain 

0.0 

Oi.3llOOE— 00 — 

0.300 OF 00 
0.10505 01 
— -0.15005-01 


o. laooE oi 

O'. 2300E 01 

0.23005-01 

O.l'OOOE 01 
O.SOOOE 00 
0. 1 1 SOP- Oil 


a., 20 50 £ 01 
0-.25.tOE O'l 
-0.23035- O l 
0 . 31 S;?E Oil 


— TEMPERAT JRe- 
O.loOI'E Ul 
0.20 JOE Ol 
— 0. 3u JOc- Ol— 
0.4303c 0 1 
0.50 00E 01 
— J.. 3-r JOEt 07- 
0.6c JOE Ol 
o.ruoic oi 

O.Bt- O-JiE 01- 

a. /uooE ot 
O'. 1c JO E 02 

0.12-WE-Oi 

0.1300c 02 
0. 140.1 E 4 2 


ELASTIC -MOO. 
O.l'OOOE 01 
Or.2('OOE 01 
a.EsOOr-Ol 


- 0 . 15005 . 02- 


0. 300 OE 01 
0.3503E 01 
-0. U‘OOE-01 
0,.4f"OOE 01 
0. 2000 E 01 
-0.1250c— 01- 
0.125.1E 01 
O'. 200 JE 01 
J.38755— OV 
0.4SOOE 01 
0.5250E 01 

-o. wont oi 1 


TEMPERATURE pqtsscns ratio 
— X l.lOOOt-Ol 0.0 


% 
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L . PLASTttClTV 1XPC 




-O- 


MATERIAL .Ur. I • TEMPERATURE * 0.0 


PARAMETER I SO TROPIC STRESS 

0..0 0.2 00 ft O f 01 

- O . 30L 00 5 -01 0 . 20oO«)E — 01- — 

0.900006 01 0.35000c 01 


PAR AM £ T£ ft K- HN5HAUC SHA Pf— 

0.0 0.0 

0.101 J|J€ £11 0, .100*005 01 

— O. 3H )JE-vJl 0.200005-01 

Or. 900 OUE 01 0.3'50l.05 01 

Tt'MPERATOHE * — -Oi.il 

PAR. A , 1 c TE ft ISOTROPIC STRESS 

0.0 0.200005-01 — 

0 . 3)1 )0E 01 1),. ,200 005 01 

0. 9.1. JOE 01 0.3 SO OOF 01 

PAR AME T'E 1 K IN: “AT t C SHARE 

0.0 0.0 

O. I bj 106-01- -0. 100006 01 

^ 0,. 3)1)005 01 0.200006 01 

• 0. 9JL )0c 01 Q.3S000E 01 


cn 



MATcRIAL N ) . 1. TEMPERATURE a 0.0 

STRESS CREEP FACTOR 

0 .0 0. 100-36 — ill- 

0.30005 01 0. 1000E 01 

0.11 005 0,2 C.9000E 01 


iiraogwi^^ <> » > » * !> ''**~*‘~ * 
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CARTE j 16 N COOROTNAYE SYSTEMS OEF IMEO 


NUMBER 

3 - - 


■JliPT I SN 


REFERENCE 
CGCTO SYS 
N/-A 


... ....QiRlGiIM. 
NBPE— 2<W 


• « WJDE ► » 

- ■ WO . I .' 0 .: — tiG&AT 

l l 01 0 0 


7 2 033 
3 101 I 
0 1 020 

10 103 .1 

11 1050 

12 1050- 


0.0 0 . 
0 . 10000 D 01 O '. 

- 0,0 

0. VOOOOD 01 0. 

0.0 o. 

-- O. 100000-0-1 — O'. 
0.0 o, 

0.100 000 01 0, 

- 0.0 o. 

0 . 100 000 01 0 
O'. 0 o 

—0. 100009-01 o 


Jt2 X3 -tW SPfc-AOE 

,0 O.LOOOOD 01 0 

,0 0.100000 01 0 

, 500000 — 00 — 0 . 100000 - Oil 1 0 

,500009 00 0.100000 01 0 

,100000 OH 0.1 000 JO 01 o 


. 100000 -Oil o .IOC 

.0 O.o 

.0 0.0 
.500000 00— -0.0 
.500000 00 Oi.O 
.100000 Oil 0.0 
. 100 OOP -0:1 0.0 — 


. I 00000 - 01 - 

.0 


:,p, M r CORNER NODES 

uA HATC V.l N-2 N9 — • N* N5 Hit N :f | 5T» 1.1NC-+- 

iota 1 1000 to 50 50 2000 1010 1050 1050 0.1000E 01 


VOLUME 


SOM UF ELEMENT VOLUMES * 0. 1000E 01 


SPEC l f tl 0 F ORC E-DTS'PL ACEMENT-CONSTR'A INT OOF 

-NODE- •l-.B-w- — SO M PGNENT &G9E 

icon 2 - looo 

10 2 -10 

— 2000 2 -2000 

1010 2 -VO 10 

2001 l -2000 

— 2lnXl -3 -2000 — — — 

1.3(1 □ 3 -1010 



NO. Or L043 REFER'ENCE CURVES =* 


LUAO REF HRENC6 CURVE NO- 
NODi COMPONENT LOAD 


iliac AeFcHj.MCE curve no. 

NCJc c JiMPCNC x,r LOAD 

- 2-| , — - 1 3. 1 A66 7 E— OH- 
IO 2 O'. 166:676 00 

1020 2 C. 166675 00 

14) 30 2 0. 1 666 76 -0.0- 

4,0 2 O'. A1667E-01 

53 2 0. A 166 75 -11 

- 1040 2 0. A 16676-01- 

10 50 2 C. A 16676-01 


riEMt.iT 

- 1.0. UltAffi 


I N'TE GR AT ION 
— aaim 


2.1136-01 

2. 1 136 -01 

2. 1136-01 

2.1136-01 

7 QtD^C— .J\i1 

7. B 8 76 -01 

3, .1.1 V- -rtil 

2. 1136-01 
2^-1 136—01 

7 . 3'87-E-Ol 

or “tin 

7.0676-01 

2. 113E-01 

2. 1136-01 

2. 1136-01 

8876-01 

2.11 36-01 - 

- 7. BBT? -01 

— 7. 68 76-01 

7.8876-01 

2. 11 3? -01 

7. 81876-01 

7 . 867c-01 

7. 607c -01 

7. 8876-01 


N0. OF 1 3 A3 INCREMENTS 


0. 100:006 01 





•ns*-*... 






;;r"T^TK~ it-tt ?fj t ' y t ^•-A v , r.r^"-^~t’v 







1NSREHENT-- — 1 — — — 

M£-:KMiIC4l LGAO CURVE FACTORS « 0.0 , 0. 1000 E OL 

CREEP TUi INCREMENT » 0.0 

=* — NO.- ck AST1G--INTE3R A HC N-P IH N TS- - 8> — N O. • Pk AS MC I N T E G RA L tffH H HWfr -0 

•» 0 I 11= DRAT ION FOUNTS HAVE CHANGED ELASTIC lid PLASTIC, 0 liNT c GR AT ION POINTS PLASTIC TO ELASTIC 00*1 M6 THIS I NCREH* NT 

U» SPEC Ir UO TAX. NO. STIFFNESS UPDATES - 3, NO. UPDATES PERFORMED « 0 

£ — SPEC IE U i MAX.- NO. ITERATIONS -PEP— UPDATE— LO,- NO. — ITFRAT-i DNS- PEPF- U HHE O- SIN CC L A S T t tP OAT E—- — I j- — — 

SPECIFIED TAX. UNBALANCED -FOP CE ERROR = 0.1000004, ACTUAL ERROR = 0.14S6E-05 


CUHUCAT IVE INTERNAL FORCES AND DISPLACEMENTS 

** NODE 4* *♦« »***».*»»> *■*.*■** FORCES •*■*■**♦»***•»■<**-**■**»! ***♦»*.****#» i DISPLACEMENTS •*****♦**•»*. 

NO. 1.0. U V U IT V W 


>00 0. 1 19409 7E -07 -0.20 83329E 00 -0.1279129007 

ID 0.136A723E-07 -0.2083330= 00 -0.3659454E-07 

-20 -0.E93373OE-G8 — 0^16666620-00 — O»495~8936F-0?- 

>J -0.6144347E-O7 0. 1666663E 00 0.6372OO9E -07 

4J -0.10836 5 6E-C7 0 • A 1666k 5 E -01 -0.36583o9r.-07 

-50 0.-42334940*7 — 9.4166673001 — 0. 5L0S705E-07- 

>00 0.49901 1300? -0.2O83330E 00 -0. 2 132 122E-07 

UJ 0. 12692 45L-07 -0. 2033332E 00 -O.6349069E-O7 

>20 -0. 30713726—08 — 0^1666663*— 00—0. 6329628E-07- 

>3J -0. 24 L2356E-07 0.1666663EO0 0.8703215007 

>40 —0.305 205 EE— 07 0.4166676E-01 -G . 855 8Bi9O0B 

i 50 -0. 2 390356008 0.416668 5001 —0.2670 72 5008- 


-0.57262370 06 0.0 

-0.31647636-06 0.0 


-0.416S955E-07 

0.15483936-06 


-11.84+36625-06 0.3749998E 00 0.4582107006 

-0. 15D 2 758005 0.4999984E 00 0.8344650 0 06 

— o. 10728848-05— 0 . 499 9 V 98E- 00 — 0.95070006- 
0.0 0 .0 0.0 
-O. 352657SE-06 0.0 0.0 

-<l. 51 1)36481 -06 0.3 7500 0 7£ 00 0.536441 83-06 

-0.1250934E-05 0.4999V98E 00 0. = 536 743006 



THERMAL STRAIN'S 

0.0 


XX 

-0.I214E-06 


0. 7 BATE 00 -0.14632-07 -0. 1599E-06 


X2 vz 

-0.t»Z3fcE-07 0.77.o0E-07 

0*3 86 2 E- 0? 0*15782-67- 

0.5379E-07 0.22B9F-06 

0.4744 c -07 -0 . 7o 74c "0.7 

0.1620E-07 -0.7U94E-07 

0.35802-07 0-1 1943-06 


-0. 12 142-06 0.7B87F 00 0.2533E-07 -0.3660E-07 -0.5379E-07 

0.3286F-07 0.2 U3r 00 -0. 1553E-06 -0..63UE-07 0.4744 c -07 

— 0.64 2 72-07 0.78872-00 -0-1 463 6-07 0*2*642-07 0. 6 23 8 2 - 07 

0.50502-07 0.21132 00 -0.9045E-07 -0.81962-07 0.162BE-07 

-0.64272-07 0.76872 00 0.25332^07 -0. 1547E-06 -0.35602-07 

-0.50502-07 0.-2 1 1 3^-09 0.1 3532-06 9-rT 8922- 0 6 0. -25022-07 


Til 2812— 06 


CUMULATIVE 
-7«£RM*t— STRATttO— 


*».*. *i «*«**'* «*>*,• i. CUMULATIVE ELASTIC STRAINS *♦*•■•* «t 


-0.1214E- 
0.32862- 
-0. 12 I-4E- 
0.32862- 
-0.64272- 
-0. 50502- 
-0.O4 2 7E- 
0.50502- 


Y y a 

06 0.7887F 00 -0. 14632-07 

07 0.2L13F 00 -0.40452-07 

•06 0. 788 72 — 60- — 0.25332 — 0 7 • 

07 0.2113E 00 -0.13532-06 

07 0.78872 00 -U. 14032-07 

07 0.2 1 1 32 - 00 -0. 50452-07 


07 0.7 8872 Otl 

07 0.2113- - 0<>- 

0 7 0 . 788 7c 00 

07 0.2113E 00 


-0. 50452-07 
0-25332-07 
-0. 13552-06 


XV ‘ — -XT- 

-0.1544E-06 -0. 82 36F-07 0. 

-0.94.15E-0 7 0. 38fc2t -0 7 -0. 

— 6«-36o02-H7 0.5375 2- 07 O- 

-Q.63UE-07 0.4744t-07 -0. 

0.2164E-07 -0.6238E-07 0. 

— 0-.3 156t— 07 O* 16 202— 07— —O. 

-0.15472-06 -0.33H02-07 0. 

0.2U92E-06 0.25O2F-07 -0. 


--V2 

7 7602-07 
1 9 76E-07 

2-28Tt— 66 — 

7 6 9-. 2- 07 
52 942-07 
7094 5-07— 
1 l94 r -(»6 
1 2812-06 


PLASTIC WI7RK ANQ STRAINS 





CUMULATIVE STRESS QUANTITIES 


ELEMENT 

no. i. a. 

— I— 1004- 


INTEGR. 
P QltNT 
L 

Z 
3 

-A" 


EFFECTIVE 
STRESS CENTER 

-o.a 

0,0 

0,0 

-■0.0 


5 0.0 

b 0.0 

-7 0.0- 

8 0.0 


-I NT 6 GR. -E FFEC-T-TV5 

POINT STRESS 

l 0.78? 75 00 

2 0. 2 - 

II,. 780 7E 00 
0.2113E 00 
4>. T8E 75-00- 


3 

A 

-5- 

6 

7 

- 8 - 


U.2I13E i>0 
4.TRP75 00 
0.211 3E-A0- 


**•»*******,»»***. CUMULATIVE STRESS CENTER *»•****•**•**•♦*•****»**»*#**»* 


XX 


vy 


11 


XV 


XZ 


Yt 


- 0 . 0 - 

0.0 

0.0 

-o.o 

0.0 

0.0 

- 0 . 0 - 

0.0 


- 0 ^ 0 - 
0.0 
0.0 
- 0.0 
0.6 
0.0 
-o.o- 
0.0 


— 0.0- 
0.0 
0.0 
-a.o 
0,0 
0.0 
— O .O- 
0.0 


» A 

wo 

0.0 

0,0 

-9-kO- 

0.0 

0.0 

- 0 . 0 - 


0 . 0 - 


0.1 


0.0 

o.o 

- 0 . 0 - 

0.0 

0.0 

- 0 . 0 - 


0.3 

0.3 

-0^3- 


> »» ..... 

XX YY 

-0.121 4E-06 0.7887E 00 -0 

— O* 32-665-07 O .21 1 36-00-— 0 

-0. 12 1 45-06 0.7887F 00 0 

0. 32B6E-07 0.2 113- 00 -0 

—0.642 Te-4 7— - n. 7rn ff- 40 0 

4.5;>'505-07 0.2 113- 00 -0 

-0.64 2 7E-0 7 0,7 8875 00 0 

— 4. 50505—0 7 — — 0.2 1 1 35— 04— —4 


UMUbAT H 

zz 

. 1463E-07 


0.0 


XY 

-0. 1599E-06 


0.0 


XZ 

-0.82365-07 


0.3 

0.3 

-rfriF 

0.3 


.4-. r » « f . «« 


YZ 

0.77605-07 
.1 77 85- 07 


.25335-07 -0.3660E-07 -0.5379F-07 

.13535-06 -0.631 1E-U7 0.47445-07 

, 1 4o 3 5 — 3 7 4 .21645-07 — 0. 62 3 85 — 0 7 

.90435-07 -4.8196E-07 0.1t24f-47 

.25335-07 -0. 15>t7E— 46 -0.33845-07 

.13535-06 


U. 2 269 >06 
-0,76945-07 
— O. 52 945-07— 


0.70945-47 
0,1 194c -46 
O. 205 2 5- —46 — — 0.-23 *i 2 t— O 7 — 0 . 52 415 — 06 — 


U 
l — 
«il 

O 


PLASTIC AND CREEP SIRA IMS 


ELEMENT MJ. 

— Ml 

PNT 

1 


— TtJY-Afc- 


3 

4 

5 - 

6 
7 

— 3 — 


ID « 1000 

i m rtfMHiT i'i 

COOS CODE TEMPERATURE TEMPERATURE 
0 -1 -0. 5S60E-07 0. ldOOE 01 


0 

0 

-a 

o 

o 


Y HELD SIZE 

. . 0,20005 01 

1 — 0.5960E— 07 — 0.10005-0! 0.20005—01 

-1 -0. 5960E-07 0.10005 OH 0.2000E 01 0.0 

-1 -0.55605-07 0.10005 01 0,2000 c 01 0.0 

— 1 — 0.5 9605-07 — O, 10 045- 01 — 0. 20005-01 0.0 - 

-l -0. 5960E-07 0.10005 Oil 0.2044E 41 0.0 

-1 -0.59605-07 O.IOOOE 01 0.2004E 01 0.0 

.. 55605—07- — 0. 10005 01 (1.2 0005 -01 0.0— 




INCREMENTAL SUM INC R. 
0.0 4.0 

0.0 QvO- 


CUMULATIVE 
0.0 
-OvO- 


0.0 

0.0 

- 0 . 0 - 

4.0 

0.0 

- 6 . 0 - 


0.0 

0.0 

- R .tf - 


0.0 

0.0 

-(Ml- 


— E F FE CT IV E - G 15S P — STRA INS » * «« 
INCREMENTAL SUM I NCR. CUMULATIVE 


0.4 0.0 0.0 

HW4 (WO 0.0- 

0.0 0.0 0.0 

0.0 0,0 0.0 

-0,0 0.4 0.0 

0,0 0.0 0.0 

0.0 0.0 0.0 

■0^0 8^0 0.0- 




! 
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BOPACE 3-D 

PART III. PROGRAMMER MANUAL 


I 


PRECEDING; PAGE 


BUANK,NfflLe» iQI * 


( 


TH* 


COMPANY 


15.0 


BASIC CONTENTS 


TOO following sections in this manual describe the BOPACE program fro, a 
programming viewpoint. Section 16 defines all the labeled common. Except 
for JLB, common is used for the storage of permanent type data. Common J« 

H a large scratch area used by many of the routines of BOPACE. In a sense, 

problem size capability increases as JLB increases. 

Section 17 defines all the BOP'ACE subroutines except the main program (MAIN) 
and the linear equation solves routines. MAIN is discussed in section 11 

and the linear equation solver routines in section IB. The linear equation 

solver routines cover the mergihg and decomposition of matrices and the 
solution of matrix equations. 

Cross reference tables for subroutines and common are in Section 19. These 
tables are useful in determining how a program modification would affect the 
routines and common of BOPACE. 

me usage is discussed in Section 20. This section covers the files 
required by BOP'ACE and where they are defined in the program. 


A schematic of the overlay can be found in Section 21 





16.0 LABELED COMMON BLOCKS 


COMPANY 



This section contains a description of all labeled common in the BOPACE 
program. 

16.1 /BRI CKC/ IC0O( 3,8) » NCEDGE{2,12) , NEDP0I(12) 

BRICKC is used by subroutines COSHAP, EDSNAP AND KFORM to generate an 
elemental stiffness matrix. 

IC00(1 ,1) - coordinates £, n. C of corner node I are in the I'th 

column of ICOO. 

NCEDGE(l.I) - the end nodes for the I'th edge are stored in 


1 1 column I of NCEDGE. 

| 

it NEDPOI - an edge pointer array to the two local arrays 

[ \ NEDGE and XSI in subroutines COSHAP and KFORM. The 

[' | i'th edge of an element has NEDGE( NEDPOI ( I)) interior 

: | nodes and the coordinates for these nodes are in 





the NEDPOI (I) column of XSI. 

16 . 2 /ELDATO/ 1 Ef AT , IEDIN , IEDOHIT .LASTEM.INTOT 

ELADTO contains the logical units where element and integration point data 
is stored plus the total number of elements, and integration points. 

o 

PRECEDING PAGE BLANK, N<M 0LMED1 
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TH* 


commnv 

IEDAT - logical unit containing element data. The element 

data consists only of the data stored in common 
block EL DAT 1 . 

I EDI N - logical unit containing the integration point data 

for the current time in the problem solution, 

t EDI N contains only the data stored in common 
block EL0AT2. 


IED0UT - logical unit where updated integration point data 

is stored. When all integration point data is 
updated, I EDIN and IED0DT are swapped. 


LASTEM = Q, Shape functions have not been generated for 

the entire structure. 

= NEL (number of elements). The shape functions are 
stored on logical unit IEDIN. 

INTOT - total number of integration points in the structure. 


16-2 
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16.3 /ELDAT1/NELE , IM .NELNO, EL N0( 44 ),NIP ,GC0S( 9,20), COORD ( 3,20) 

Element data for the current element being processed is stored in ELDAT1 . 

NELE - external ID of element. 

JM - material number referenced by element NELE. 

NELNO - NELN0 mod 100 gives number of nodes for element 

NELE( including zero edge nodes). 

NELNO divided by 100 gives a location in common 
block STOR where element nodes are stored before 
being transferred to ELDAT1 . Subroutine BIGS does 
this only for a cold start. 

HLN 0 - element definition nodes (including zero edge 

nodes) for element NELE. 

Nip _ number of integration points for element NELE. 

GGOS ( 1,1) - direction cosines for element definition node I 

are i n col umn I of GCOS . 

CQ0RD(1,I) - coordinates of element definition node I are in 

column I of COORD. The coordinates are in the 
global XYZ system. 
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/ ELDAT2/ PART AL( 3,20) , SHAPE (20) ,WEI ,1NT .YC0DE0.YC0DE1 JQ.Tl 
,SIGMA0(6) .SIGMAl (6) ,DE(6) ,TBASE0 .TBASE1 .EBASEO 
,EBASE1 .DETEMP, YIELD0.TIEL0I .TW0RKO.TW0RK1 ,ALPHAQ( 5) 
.ALPHA! (S) ,DEP0( 5) ,DEP1(5) ,EET(6) ,EPT{5) ,DEC0(5) 
.DEC! (5) .CW0RK0.CW0RK! .CBASEO/'BASEl ,ECT(5) .SUMTS 
.SUMPS .SUMCS 


ELDAT2 contains integration point data for the current element and inte- 
gration point being processed. Variables ending in a zero and one pertain 
to the beginning and end of the current load increment, respectively. 

PARTAt(l ,1) “ derivatives of the shape function at the I th 

element definition node are stored in the I’th 
column of PARTAL . 


SHAPE ( I ) 


value of the shape function at the I l th definition 
node. 


WEI 


weighting factor for this integration point. 


- integration point number. 

YCODEO.YCODEl - £0 integration point is elastic. 

>0 integration point is plastic. 


TQ.Tl 


temperature at integration point I NT . 
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J 


SIGMA0.SIGMA1 - stress values a xx , o yy , s zz , o xy , o xz and o yz . 


TBASE0.TBASE1 - abscissa k to determine isotropic hardening. 


EBASEO.IBASEl - abscissa to determine kinematic hardening. 


DETEMP 


thermal strain change due to changing the 
temperature from TO to T1 . 


YIELD© .YIELD! - uniaxial yield stress (yield surface size) 


TW0RKO.TW0RK1 - cumulative plastic work density, 


ALPHAO .ALPHA! - stress center values o xx , o yy , o xy , o xz and a yz< 


DEP0, DEP1 


P P P 

incremental plastic strains Ae^ ) AGyy } > 

P P 

Ae^-, A£y^* 


£ 6 6 6 

cumul ati ve elastic s trains e xx » £ yy* ^ZZ* ^XY* 
e XZ and e YZ' 


P P P P 

cumulative plastic strains e xx , e yy , e xy , e xz 
P 

and c yz * 


I o 


DECO, DEC! 


c c c 

incremental creep strains Ae xx , Acyy, Ae^y, 
Ac^^and ACy^ • 


’ ^ 


THE 


COMPANY 


CW0RK0.CW0RK1 


CBASEO tCBASEl 
ECT 


SUMTS 


cumulative creep work density. 

abscissa k € to determine creep hardening. 

cumulative creep strains ^xx’^YY’^XY’^XZ 
and f * 

cumulative thermal strain from fabrication 
temperature. 


SUMPS 

SUMCS 


sum of increments of effective plastic strain. 


sum of increments of effective creep strain. 


16 . 5 /GENC1 /GTIiME(60 ) .PFACT (2,60) .NITER ( 60 ) 

GENC1 contains the incremental load data read by subroutine READ4. 

CTIME(I) - creep time increment for load increment I. 

PFAGT(J.I) - mechanical load factor for Toad curve J and 

increment I. 

NITER(I) - maximum number of iterations for increment I. 


DO 6000 2 143 O RtC. 4/ 7 1 
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/GENC2/CTYPE ( § ) ,NCREEP( 5 ) .CREEPX ( 10 , 5 )GREEPY (10,5), CBASEX (10,5) 
.NCTABX ( 5 ) ,NCTABY( 5 ) .CTABX ( HQ , 5 ) .CTABY (6,5) ,CTAB(6,10,5) 



GENC2 contains creep data read by READTC . 


CTYPE(I) 

creep hardening type for material I. CTYPE(I) 
equals 1,2 or 3 for age, strain or work hardening, 
respeeti vely. 

NCREEP(I) 

number of points in reference creep curves CREEPX, 
CREEPY and CBASEX for material 1. 

CREEPX (0,1) 

time at point 0 for material I. 

CREEPY (0,1) 

creep strain at point 0 for material 

CBASEX (0,1) 

quantity to determine hardening at point 0 for 
material I. 

NCTABX (I) 

number of stress values (abscissa) in table CTABX 
for material I . 

NCTABY(I) 

number of temperature values (ordinate) in table 
CTABY for material I . 

CTABX (0,1) 

stress value at point 0 for material I. 
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CTABY ( K , I ) - temperature value at point K for material I. 

CTAB(K,J,I) - creep factor for temperature value at point K 

and stress value at point J for material i. 

16 . 7 /GENPO/AFACT ,KTYPE ( § ) , PTYPE ( 5 ) 

The GENPO variables are stored by the subroutines READ0 and READTP. 

AFACT - fraction from end of increment to evaluate plastic 

slope . 

KTY'PE(I) - kinematic hardening code for material I. 

(= Q for 1 parameter hardening or 
= l for 2 parameter hardening) 

PTYPE (J ) - plastic hardening code for material I. 

(= 1 or 2 for strain or work hardening, respectively) 

16.8 /GENP7/NITABX ( 5 ) 

Common blocks GENP7 through GENP17 contain temperature-plastic-hardening 
data. This data is read by subroutine READTP. 

NITABX ( I ) - number of isotropic abscissa values in table 

ITABX for material I. 
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fTl T6.9 /GENP8/NKTABX(5) 

NKTABX ( I ) - number of kinematic shape abscissa values in 

table KTABX for material I. 

16.10 /GENP9/ NFTABX ( 5 ) 

NFTABX(I) - number of kinematic factor abscissa values in 

table FTABX for material I. 

16.11 /GENP1 0/NTABY ( 5 ) 



number of temperature ordinate values in table 
TABY for material I. 


16.12 /GENP1 1 / ITABX ( 30 , 5 ) 

riABX(J.I) - isotropic value at point J for material I. 

16.13 /GENP1 2/ KTABX (20 , § ) 

KTABX{i3,I) - kinematic shape value at point J for material I. 

16.14 /GE'NPl 3/FTABX (30,5) 

FTABX(J,I) - kinematic factor value at point J for material 1. 
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16.15 / GENP14/ TftBY (6,5) 

TABY(J.I) - temperature value at point 0 for material I. 

16.16 /GENP1 5/ ISTAB ( 6,30,5) 

ISTAB(J,K,I) - isotropic stress (yield surface size) for 

temperature at point J and isotropic value 
at point K for material I. 

16.17 / GENP1 6/KSTAB (6,20,5) 

KSTAB'(J,K,I) - kinematic stress shape (yield surface translation) 

for temperature at point J and kinematic shape 
val ue at point K for materi al I . 

16.18 /GENP1 7 /FSTA'3( 6,30,5) 

FSTAB(0 »K,I) - kinematic stress factor (yield surface 

translation) for temperature at point J and 
kinematic factor value at point K for material I. 
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16.19 /GEN1/KK0DE 

KKODE is a flag controlled by MAIN to direct routine KFORM to generate an 
elastic or plastic stiffness matrix. 

KKODE - set to -1 or +1 to generate elastic or plastic 

matrix, respectively. 

16.20 /GEN7/NEM0D ( S ) , EMODX (20,5) .EMODY (20,5) ,NPRAT(5) ,PP.ATX(20 ,5) 

,PRATY(20,5) 

GEN7 contains the elastic modulus and Poissons ratio as a function of 
temperature for several materials. Subroutine REA-DIM stores these functions 
in GEN7. 

NEMOD'(I) - number of points in the arrays EMODX and EMODY for 

material I. 

EMODX (J, I) - temperature at point 0 for material I. 

EMQDY(d,I) - elastic modulus at point 0 for material I. 

NPRAT(I) - number of points in the arrays PRATX and PRATY 

for material I. 
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PRATX(J,I) - temperature at point J for material I. 

PRATY(J,I) - Poissons ratio at point J for material I. 

16.21 /GENR/NTHERM(S) ,THERM-X (20,5) ,THERMY(20 ,S) 

GEN8 contains thermal strain as a function of temperature for several 
materials. Subroutine READTM stores this function in GEN8. 

NfHERMi(I) - number of points in the arrays THERMX and THERMY 

for material I. 

THERMX (J, I) - temperature at point J for material I. 

THERMY(J ,1) - thermal strain at point J for material I. 

16.22 / IOUNIT/IDIN1 ,UlN2,U0l!)T 

The logical unit numbers for input and output of data are stored in Ml NIT. 
Subroutine READRS sets the values in IOUNIT. 

Ullfll - logical unit for type I input data. 

UX N2 - logical unit for type II input data. 


mm 


logical unit for output data. 
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16.23 /JLB/UNITS1 , l!)N I TS2 ,MBW ,.NST0R , STOR ( NSTOR ) 

JLB is a large area of core used for scratch purposes by many subroutines 
of BOPAGE. These subroutines are BIGS .MERGE, BE COMP ,SRTAPE , READS ,S0LH , 
MRTA'PE and 00 TEL. 

UNITS! - logical unit for scratch use only. 

UNTTS2 - logical unit for scratch use only 

MBW - maximum bandwidth expected during decomposition. 

NSTOR - number of words in the array STOR. 

SJOR - array used for scratch purposes by many of the 

BO P AG E subro ut i ne s . 

16 . 24 /SIZES / NM AX 1 ,NMAX2 V NMAX3 ,NMAX4 ,NMAX5 .NMAX 6 ,NMAX7 .NMAX8A .NMAX8B 

,NMAX8C , NMAX9 , NMAX TO .NMAX1 1 ,NMAX1 2 ,NMAX13 , BIMAX 14 ,MNNPE 

SIZES contains upper limits for the BOP AC IF program. SIZES is set by a 
block data program. 

NMAX 1 - maximum number of materials. 


NMAX 2 


maxi mum number of nodes . 
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NMAX3 

NMAX4 

NMAX5 

NMAX6 

NMAX7 

NMAX8A 

NMAX8B 

NMAX8C 

NMAX9 

NMAX10 

NMAX11 
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maximum number of elements. 


maximum node ID number. 


maximum element ID number. 


maximum number of points in a material property 
curve . 


maximum number of temperature plasticity curves 
per material. 

maximum number of isotropic curve points. 

maximum number of kinematic slope points. 

maximum number of kinematic factor points. 

maximum number of points in creep reference 
curve . 

maximum number of temperature creep factors per 
materi "1 • 

maximum number of stress creep factors per 
material . 
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NMAX12 - maximum number of special cartesian coordinate 

systems, 

NMAX13 - required number of mechanical load reference 

vectors . 

NMAX14 - maximum number of load increments. 

MNNPE - maximum number of nodes per element. 



i 
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SUBROUTINES 


All the subroutines which make up the BOP ACE program, except the main program 
and the linear equation solver routines, are described in this section. The 
main program is described in Section 11. 

The linear equation solver routines are described in Section 18. These 
routines are: 


Subroutine 

BLOCK 

DECOMP 


(DELETE 


Entry Point(s) 
BLOCK, I BLOCK 
DECOMP 


DELETE 


BOTHER 


BOTHER 


DUMMY 

GENR8 


INTER 


MERGE 


MERSOR 

MRTAPE 

RDFRWD 


SAVER 


SEARCH 


DUMMY 

GENR8 

INTER 

MERGE 

MERSOR 

MRTAPE 

RDFRWD, RDBACK.FROPEN 
SAVER, OPEN, CLOSE 


SEARCH 
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Subroutine Entry Point(s) 

S0LN SOU! 


SRTA'PE SRTAPE 

SUBFR SUER 


17.1 BIGS 

Subroutine BI'GS performs the functions cold starting, restarting and 
checkpointing. For a cold start, BIGS reads the type I data from unit DIN 
and initializes some of the pertinent program variables . Element and nodal 
data is stored temporarily in common block JLB before it is transferred one 
element and one integration point at a time to disk files IEDAT and I ED IN 
via common blocks ELDAT1 and ELDAT2 . 


When restarting, BIGS reads type I data from a restart tape. Disk files 
IEDAT and IEDIN plus some nodal variables are also initialized from the 
restart start. 


When checkpointing, BIGS writes type I data, a set of nodal arrays and the 
disk files IEDAT and IEDIN on the restart tape for load increment 0. For 
all other load increments only the load dependent variables on IEDIN are 
transferred to the checkpoint tape. 

CALL B I G$ ( KODE ,11,12, NMAT .TEMPO , N0D , MEL , NODE , KFB , PREF , TIM , P 1 ,PP,Q.Q,PAR) 
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K0DE 

11 

12 

NMAT 

TEMPO 

NOD 

NEL 

NODE 

KFD 

PREF 


1,2 or 3 for Gold start, read restart tape or 
checkpoint, respectively. 

logical unit for restart tape or checkpoint tape. 

load increment that is to be found on the restart 
tape or the load increment that is to be 

checkpointed, 
number of materials, 
fabrication temperature, 
number of nodes . 
number of elements 

the ID for the I'th defined node is stored in 
NODE ( I ) . 

the force-di spl acement-cons trai nt code for the J'th 
freedom and I'th node is stored in KFD(d.I). 

load value on the J'th freedom and I'th node for 
load reference curve K is stored in PREF(K.J.I) . 
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TEM - temperature for node I is stored in TEM ( I ) . 

PI - PI ( J , I ) contains the specified mechanical load 

(force or displacement) for freedom J and node I. 

pp - PP(J,I) contains the cumulative internal force for 

freedom J and node I . 

qQ - QQ'( J , I ) contains the cumulative displacement for 

freedom J and node I. 

PAR - PAR(J,I) contains the residual force at start of 

increment for freedom J and node I , 


17.2 BLKDTA 


BLKDTA is a block data program for initializing variables in eonmon blocks 
BRICKC, SIZES and ELDATO 

17.3 COSHAP 

This subroutine generates the shape function and derivatives of the shape 
function for the comer nodes of a brick element. 

GALL COSHAP ( I D , EVAL , ICOO , HEDGE ,XSI ,NEDP0I f EDCORN , FUNC , PARTAL ) 
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I'D 

EVAL 

IC0O 

NEDGE 

XSI 

NEDPOI 

ED CORN 
FUNG 


3 for a brick element. 

an array containing the local coordinates of the 
current integration point. 

local coordinates of the I ' th corner node are 
stored in the I'th column of I COO. 

the number of interior nodes on edge 0 are stored 
iin NEDGE(J). 

the local edge coordinate of node I on edge J is 
stored in XSI ( I , J ) . 

an array of pointers. The I'th edge of a brick 
has NEDGE(NLDPOI(I)) interior nodes and coordinates 
im the NEDPOI ( I ) ’ th column of XSI. 

corner nodes for edge I are stored in column I of 
EDCORN . 

FUNG ( 1 ,1) contains the value of the shape function 
at node I and the corresponding normalization 
value is stored in FUNC(2,I) . 
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PARTAL 


The values of the derivatives (||-* |jj- and |jr) 
of the shape function at node I is stored in 


the I'th column of PARTAL. 


17.4 CSYS 


GSYS calculates the coordinate transformation between the user's coordinates 
and the basic global XYZ system for each node. 

GALL CSYS(GC0S .COORDA , COORD , IX ,N0D ,NMAX1 2 ) 

gGQS _ the x 1 Hh column of GG0S contains the transformation 

matrix for the I'th node. 

C00RDA - the I'th column of COORDA contains the definition 

for the I'th special cartesian coordinate system. 

If COORDA ( 1,1) equals 1, then 

COORDA{2, I) = node ID for origin, 

COORDA { 3,1) = node I'D on X-axis and 
CO0RDA(4,I) = node ID in X-Y plane. 

If COORD A (1,1) equals 2, then 

CO0RDA(2,I} = coordinate system ID for measuring 
coordinates 

COQRDA (3 to 5,1) - coordinates of origin. 

COQRDA (6 to 8,1) = coordinates of point on X-axis. 
C00RDA(9 to 11,1) = coordinates of point in X-Y 

plane . 
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COORD 


IX 


NOD 


NMAX12 


The I'th column of COORD contains the coordinates 
of node I in the basic cartesian system. 

the coordinate system ID for node I is stored in 
IX(I). 

number of nodes. 

maximum number of special cartesian coordinate 
systems . 


17.5 CSYS1 


This subroutine calculates the coordinates in the basic cartesian system 
for all special cartesian systems. On input the C0OROA array is as defined 
in subroutine CSYS. After returning from CSYS1 , the COORDA array is as 
defined in this section. 

CALL CSYS1 (COORDA, COORD, NMAX12) 

COORDA - the I'th column of COORDA contains the definition 

for the I'th special cartesian coordinate system. 
COORDA (1,1) = 1 

CQ0RDA(2 to 4,1) = coordinates in basic system 


for the origin. 
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C00RDA(5 to 7,1) 
C00RDA(8 to 10,1 


= coordinates in 
for a point on 
= coordinates in 
a point in the 


basic system 
the X-axis, 
basic system for 
X-Y plane. 


COORD 


NMAX12 


same as subroutine CSYS 


17.6 CSYS2 

CSYS2 calculates coordinate transformations for special cartesian systems 
yia vector cross products. 


CALL C$YS2(T,XZZ) 


T - array where the coordinate transformation is to be 

stored for the current node being processed. 

XYZ - array containing the coordinates in the basic 

cartesian system of the nodes that define the 
special cartesian system.. 
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17.7 DEFORM 


DEFORM forms the 6X6 elastic material stress-strain matrix. 
GALL DEFQRM(E»NU,D) 

E - elastic modulus 

NU - Poissons ratio 

D - material matrix 

17.8 DPFORM 

DP FORM forms the 6X6 plastic material stress-strain matrix. 
CALL DPFORM (E, NO, D) 

E - elastic modulus 

NO - Poissons ratio 


D 


material matrix 
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17.9 DYVAL 


This is an incremental interpolation function routine, similar to the total 
interpolation function routine YVAL. It provides an incremental ordinate 
value equal to YV'AL(NP,AX,AY,X1 ) minus YVAL(NP,AX,AY,X0) . 


DYVAL(NP,AX,AY,X0,X1) v 


NP 

- 

number of points in curve 

AX 

- 

vector of abscissas 

AY 

- 

vector of ordinates 

X0 

- 

first desired abscissa value 

XI 

_ 

second desired abscissa value 


17.T0 EDSHAP 


EDSHAP computes the shape function and the derivatives of the shape 
function for the edge nodes of a brick element. 

CALL EDSHAP { 1 0 ,EVAL , COO , PARTAL , FUNC ) 

ID - an array of indicators 

10 ( 1 ) = 3 

10(2) = number of edge nodes on the edge 


being processed. 
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) 


EVAL 


CO0 


ID(3 to §) - coordinates of edge in c, n, t, system 
(a zero means the edge is parallel to 
this coordinate). 

an array containing the local coordinates of the 
current integration point. 

an array containing the coordinates of the nodes 
along an edge. 


PARTAL 

FUNG 


l same as subroutine COSHAP 


17.11 ERC0MP 


This routine computes the residual norm. 
GALL ERC0MP( NN ,KFD ,DP ,P V ERR ,U0) 


NN 

- 

number of freedoms 

KFD 

- 

array containing force-displacement-constraint 



codes . 

DP 

- 

incremental nodal force array. 

P 

- 

residual nodal force array. 
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17.12 FORGE 


Subroutine FORCE computes the incremental nodal forces from the difference 
in elemental stresses at the start and end of the current Toad increment 
for each integration point. 


GALL FORGE (DP) 


Up - array containing incremental nodal forces. 


17.13 GENER8 

GENER8 is an interface subroutine between the linear equation, solution 
routines defined In section 18.0 and the elemental stiffness matrix 
generation routine KFORM. 

GAEL GENER8( I I , NUM .NODES ,K ,NK) 


IT 

- 

element number. 

NUM 

- 

number of nodes on element II. 

NODES 

- 

definition nodes for element II. 

K 

- 

stiffness matrix for element II. 

NK 

_ 

column dimension of K. 
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17.14 HEAD 


Subroutine HEAD writes summary type information at the end of each load 
increment . 


CALL HEAD( U0.NEL , INCR.F1 ,F2,CTIME,TIDENT # NP,NE,NP1 ,NE1 .NITER, NT .MAXUP 
,NUP,ERRMAX,ERR) 


wo 

- 

logical unit for output. 

NIL 

- 

number of elements. 

INCR 

- 

load increment number. 

FI ,F2 

- 

load factors on mechanical reference curves 1 
and 2, respectively. 

CTIME 

- 

creep time increment. 

T I DENT 

- 

thermal load increment identification array. 

NP 

- 

number of plastic integration points. 

NE 

- 

number of elastic integration points. 

NP1 

- 

number of integration points that have changed 
from elastic to plastic. 

NET 

- 

number of integration points that have changed 
from plastic to elastic. 

NITER 

- 

maximum number of iterations allowed. 

NI 

- 

actual number of iterations performed. 

MAXliiP 

- 

maximum number of stiffness matrix updates 
allowed. 
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actual number of stiffness matrix updates 
performed . 

maximum allowed residual norm, 
actual residual norm Obtained. 

17.15 ITER 


NUP 

ERRMAX 

ERR 


ITER is the major elastic-plastic-creep material -dependent routine. It 
takes the given array 0E of incremental strains, and separates it into 
elastic, plastic, and creep portions. It also computes end-of-inerement 
stresses SIGMA! , and updates many of the incremental parameters. The ITER 
routine used in BOPACE 3-D is based on the new "strain-space" algorithm 
described in Section 2.6. 


CALL ITER'( MAXYC , I NCR ) 


MAXYC - maximum allowable magnitude for the elastic-plastic 

sum code variable YCQBE1 . 


I NCR - load increment number. 


17.16 Il'ERl 

This routine is called from the el astic-pl asti c-creep routine ITER, to 
compute an improved value of the plastic proportionality variable LAMDA. The 
calculation for LAMBA uses a "linear intersection" method described in 


*•»••••. i i i i i i I r 
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w Section 2.6. The BOPACE 3-D program would still operate if the call to 

ITER1 were removed, but convergence in general would be slowed due to the 
less accurate value for LAMDA in each iteration. 

GALL ITER! ( DEP1 ,ALPHA0 ,ALPMA1 .EPSXX ,EPSYY ,EPSXY ,EPSXZ ,EPSYZ,AVE ,BETXX0 
,BETYY0,BETXYO ,BETXZ0 ,BETYZ0 ,TS1 ,IS1 ,IE0,GO,G1 ,DC1 , LAMDA) 

Blp] - array of five plastic strain components. 

AL PH AO, ALPHA! - arrays of five stress center components at start, 

end of increment 

EPSXX to EPSYZ - five components of deviatoric strain vector 

(representing initial elastic strain + total strain 
increment, and denoted by e‘ in section 2.6). 

AVE - hydrostatic (average) part of EPSXX etc. variables. 

BETXX0 to BETYZO - five components of deviatoric strain center at 

start of increment. 

yield stress corresponding to start-of-i ncrement 
plastic deformation and end-of-i ncrement temperature. 

yield stress corresponding to end-of-i ncrement 
plastic deformation and temperature. j 

j 
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yield strain quantity at start of increment, 
shear modulus at start, end of increment, 
creep strain occurring during plastic portion 
of increment. 


KF0RM generates the elemental stiffness matrix in the basic cartesian 
system for each brick element. The stiffness matrix is a function of the 
stress -strain material matrix and the shape function derivatives. The 
material matrix is generated by calling DEFORM or DPF0RM for an elastic or 
plastic integration point, respectively. The shape function derivatives 
are computed by COSWAP and EDSWAP and are saved on a disk file for only the 
first pass through the generation routines on a cold start. For all 
succeeding calls to the generation routines, the derivatives are read from 

a disk file. 


110 

G0.G1 

DC1 

17.17 KF0RM 


CALL KF0RM( 1 1 , NUM .NODES ,K ,NiK) 


IT 

NOM 

NODES 




> 


same as GENER8 


K 

NK 
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17.18 OtllTC 


OUTG writes the incremental and cumulative creep work and creep strains for 
one element on the output file. 


GALL OIDTC ( U0 , 1 1 ,N ELE , CWORK0 , CWORK I ,DEC1 ,ECT) 


logical unit number for output 
element number (internal), 
element number (external). 


CWORK0 
CWORK 1 


see common EL DAT 1 


17. T9 QUITE 


QUITE writes the incremental and cumulative thermal and elastic strains for 
one element on the o: * put file. 


GALL 0UTE( DOJI ,NELE , DETEMP ,SUMTS ,DE ,EET ) 


same as subroutine OUT C 
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DETEMP 

SIDMTS 

DE 

EET 




I see common EL DAT 1 


J 


17.20 QUITE L 


OUTEL collects data by element from the integration point type data stored 
in common EL DAT 2 for the purpose of printing on the output file. ODTEL 
also updates some of the data stored in EL DAT 2. 


CALL 0UTEL(U0UT ,NEL .CTIME ,1 NCR) 


logical unit for output, 
number of elements, 
array of creep time increments . 
current load increment number. 

17.21 OtJTG 


mm 

mi 

CTIME 

INCR 


OUTG writes elastic-plastic codes , temperatures , and effective plastic and 
creep strains for one element on the output file. 


CALL Oli)TG( DO , 1 1 ,NELE .YCODE0 .YC0DE1 ,T0,T1 .YIELD! ,DEP1 .SUMPS ,EPT,DEC1 .SUMCS, 
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uo 

II 

NILE 

YCQDE0 

YG0DE1 

T0 

T1 


YIELD! 


DEP1 


SUMPS 


EPT 

0EC1 

SUMCS 

ECT 


L same as subroutine 0UTC. 


see common ELDAT2. 


see common ELDAT2. 


17.22 OUTP 


Subroutine OUTP writes incremental and cumulative plastic work and plastic 
strains for one element on the output file. 

GALL OUTP ( UO , I I ,NELE .TWORK0 .TW0RK1 ,DEP1 ,£PT) 


U0 

II 

NELE 



same as subroutine QUTC. 
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TW0RKQ 


TW0RK1 


0EP 1 


EPT 


l see common ELDAT2. 


17.23 OUTPQ 


OIITPQ writes the nodal displacements and forces on the output file. 


GALL 0UTPQ( UO, NOD, NODE, P,Q) 


m 


NOD 


NODE 


logical unit for output, 
number of nodes. 

array containing user node numbers. 


P 


nodal forces. 


Q 


nodal displacements . 


17.24 OUTS 


OUTS writes cumulative stress center and stress data for one element on the 
output file. 


GALL OUTS (UO, II .NELE.A'LPMAl .SIGMAl ) 




I 



TMC COMPFNV 

00 
II 

NELE 
ALPH'Al 

SIGMA! 

17.25 READC 

REA0G reads the user's data which define special cartesian coordinate 
systems and stores the data in the CO0RDA array. 

CALL REA0C(UI .U0.NMAX1 2 ,C00RBA) 

01 
00 

NMAX12 
COORD A 

17.26 REA0M 

Routine READM reads the user's data which define nodes and elements, 
transforms all coordinates to the basic XYZ system, generates coordinate 
transformations for each node with a call to CSYS and computes the 
volume of each element by calling VTET. 

17-21 


logical unit for input data, 
logical unit for output data. 

, see subroutine CSYS. 

4 


► see subroutine 0UTC. 

► see common ELDAT2. 
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CALL READM(UI ,UO,NMAT,NMAX2,NMAX3 ,NMAX4,NMAX5,NMAX1 2 ,MNNPE»N0D,NEL,C00RDA, 
COORD , GC0S , I MAT , E LNQ , NODE , NELE , NODI , NE L I ,-NE LN0 ) 


UJI 

DO 

NMAT 

NMAX2 

NMAX3 

NMAX4 

NMAX5 

NMAX12 

NOD 

NIL 

C0ORDA 

COORD 

GCOS 

IMAT 

ILNO 



NODE 

NILE 

NODI 


logical unit for input data, 
logical unit for output data, 
number of material properties. 

■ see common SIZES. 

I see common SIZES. 

number of nodes . 
number of elements. 

. see subroutine CSYS. 

the material number for element I is stored IMAT(I). 
an array containing the definition nodes for all 
elements (See NELNO description), 
the user ID (external) for the I'th defined node 
is stored in N0DE(I). 

the user ID (external) for the I'th defined 
element is stored iin NELE(I). 
the internal node ID number for external ID I 
is stored in NODI (I) . 

( 
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N£U - the internal element ID number for external ID I 

is stored in NELI(I). 

NELNO - a packed array containing the number of nodes for 

each element and pointers to the ELN0 array where 
the definition nodes are stored. For the I'th 
element, NELNO ( I ) = T0O*LLL+NNODES where LLL is 
the starting location in ELNO where the definition 
nodes are stored and NN0DES is the number of 
nodes . 

17.27 READRS 

READRS reads the first card on the card file unit to determine the start- 
restart code,' the files to be used for the input and output of data, and 
checkpoi nt-restart parameters . 


GALL READRS ( UI N1 , II N2 , U0UT , I NCR , U1 NRS , UOUT RS ) 


UIN1 


U1N2 


D0UT 


INCR 


logical file number for the input of type I data, 
logical file number for the input of type II data, 
logical file number for the output of data 
(e.g., printer). 

previous load increment number from the end of 
which a restart is to be made {If INCR = 0, then 
problem is restarted from initial conditions). 
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yiINRS - logical file number for the input of the restart 

tape . 

U0UTRS - logical file number for writing a checkpoint tape 

(If UOUTRS = 0, then BOPAGEi does not checkpoint). 

17.28 RE ABIC 


READTC reads the reference creep curve data (times CREEPX and stresses 
CREEPY), and the creep factor data (stress levels CTABX, temperatures 
CTABY, and table of creep factors CTAB). Although for a given material, 
different abscissas CTABX may be input for each of its temperature values 
CTABY, READTC Interpol ales abscissas for all temperatures of the material 
to those of the first temperature input. This allows later use of an 
efficient table lookup procedure. Both the input and interpolated tables 
are output during echo check of the input data. 

CALL READTC ( B I ,W0 ,NMAX9 ,NMAX1'Q ,NMAX1 1 ,1MAT ,CTYPE .NCREEP .CREEPX .CREEPY , 

CBASEX ,N CTABX .NCI ABY , CTABX .CTABY ,CTAB ) 

tit, BO - input, output file unit numbers. 

NMAX9 - maximum number of points in a creep reference curve. 

NMAXl'0 - maximum number of temperatures for creep factor 

table. 

NMAX11 - maximum number of stresses for creep factor table. 


IMAT 


material number. 


THE 


COMPANV 



( ) 


CTYPE 

NCREEP 

CREEPX 

CREEPY 

CBASEX 

NCTABX 

NCTABY 

CTABX 

CTABY 

CTAB 


creep type = 1, 2, 3 for age, strain, work 
hardeni ng. 

number of points in reference creep curve. 

vector of time values. 

vector of creep strain values. 

vector of creep hardening parameter values. 

number of abscissa (stress) values for table. 

number of ordinate (temperature) values for table. 

abscissa values for table. 

ordinate values for table. 

table of creep factors. 


17.29 REA'DTM 


READTM reads the temperature-dependent material properties (thermal strain 
elastic modulus, Poisson's ratio). 


CALL READTM(UI ,U)0 ,NMAX 6 ,IMAT ,NTHERM ,THERMX JHERMY ,NEM0D ,EM0DX , EMODY .NPRAT , 
PR ATX .PRATY) 


y I s U 0 - input, output file unit numbers. 

NMAX 6 - maximum number of ooints in a material property 

curve . 

IMAT - material number. 

NTHERM - number of values in thermal strain curves. 

THEP.MX - temperatures for thermal strain curves. 

(j) 
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1HERMY 

- 

thermal strain values. 

NEM0D 

- 

numbe ~ of values in elastic modulus curves. 

EMODX 

- 

temperatures for elastic modulus curves. 

EMGDY 

- 

elastic modulus values. 

NPRAT 

- 

number of values in Poisson's ratio curves. 

PR ATX 

- 

temperatures for Poisson's ratio curves. 

PRATY 

- 

Poisson's ratio values. 


1 7 . 30 READTP 

READTP reads the plastic hardening data, in the form of tables (ISTAB.KSTAB 
and FSTAB) of yield surface size, and shape and factor for yield surface 
translation, given as a function of temperature and hardening parameters. 
REA0TP lcgic is similar to that in READTC. 

GALL READTP ( lil ,U0 ,NMAX7 ,NMAX8A .NMAX8B ,NMAX8C , IMAT ,PTYPE .KTYPE ,NITABX ,NKTABX, 
NFTABX ,NTABY , ITABX ,KTABX ,FTABX ,TABY ,ISTAB ,KSTAB ,FSTAB ) 

Ujj s uq - input , output f i le uni t numbers . 

Nmax 7 - maximum number of temperatures per material . 

NMAX8A - maximum number of isotropic hardening points. 

NMAX8B - maximum number of kinematic shape points. 

NMAX8G - maximum number of kinematic factor points. 

IMAT - material number. 

PTY’PE - plastic hardening type = 1,2 for strain, work 

hardening. 
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KTYPI 

NITABX 

NKTABX 

NFTABX 

NTABY 

ITABX 

KTABX 

FTABX 

TABY 

ISTA8 

KSTAB 

FSTAB 


kinematic hardening code = 0, 1 for 1-parameter, 

2-parameter kinematic hardening. 

number of isotropic abscissa values. 

number of kinematic shape abscissa values. 

number of kinematic factor abscissa values. 

number of temperature ordinate values. 

isotropic abscissa vah^es. 

kinematic shape abscissa values. 

kinematic factor abscissa values. 

temperature ordinate values. 

table of isotropic hardening (yield surface size) 
values . 

table of kinematic shape values, 
table of kinematic factor values. 


17.31 READ© 

READ© reads the problem identification title, and various incremental and 
iterative constants. For constants not read (left blank by the user) 


default values are assigned. 


CALL RE ADO ( (ill ,U0,SC0DE ,MAXUP , MAX IT , MAX IF. ,MAXYC ,MAXCUT ,CUT ,ERRMAX ,AFACT) 


yi - input, output file unit numbers. 

SGODE - code (1 to 5) for solution of system equations. 
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MAX-UP - maximum number of stiffness updates. 

MAX IT - maximum number of residual -force iterations. 

MAXIE - maximum number of initial elastic iterations. 

MAXYC - maximum value for elastic-plastic sum code. 

MAXCUT - maximum number of solution adjustments. 

QUT - solution adjustment fraction. 

ER-RMAX - maximum allowable residual norm. 

ApacT - fraction from end of increment to evaluate plastic 

slope. 


17.32 READ! 


READ'] reads basic program codes and constants. 


CALL READ! (till .OO.NMAXl ,NMAT .TEMPO) 


input, output file unit numbers, 
maximum number of materials, 
number of materials, 
fabrication temperature. 

17.33 READ? 


01 ,00 
NMAX1 
NMAT 
TEMPO 


The specified force-displ aeement-constrai nt degrees of freedom are read 
by READ 2 . 


) 


% 
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GALL READ2(UI ,110 ,NMAX4 ,M0D ,M0DI ,MEL ,NELN0 ,ELN0 ,KFD) 


01,00 

input, output file unit numbers. 

NMAX'4 

maximum node ID number. 

NOD 

number of nodes. 

NODI 

array of internal node numbers . 

NEL 

number of elements . 

NELN0 

1 see subroutine READM. 

EL NO 

- J 

KFD 

vector of foree-di spl acement-c^nstrai nt 
specifications . 

17.34 READS 

READS reads the two load reference curves and places thei r values in 1 

PREF array . 

- 

CALL READ3{UI ,U0 

,NMAX4,NMAX1 3 ,NOD .NOD'I ,KFD,PREF) 

01,00 

input , output file unit numbers. 

NMAX4 

maximum node ID number. 

NMAX13 

required number of mechanical lead reference 
vectors . 

NOD 

number of nodes. 

NODI 

vector of internal node numbers. 
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vector of force-di s pi acement-cons trai nt specifica- 


tions . 


array of load reference values, 


17.35 READ4 


reads incremental data, 


CALL READ4(UI ,00 ,NMAX1 4 , MAX IT , MI NCR , N'l TER , P F ACT ,CTIME) 


UX, 00 

NMAX14 

MAX IT 

NINCR 

NITER 

REACT 


input, output file unit numbers, 
maximum number of load increments . 
default value for maximum number of iterations, 
number of load i ncrements . 

maximum number of iterations for each increment, 
mechanical load factors on reference curves for 


each increment, 
creep time increment. 


17.36 READS 

Routine READS reads the thermal nodal temperatures tor the current load 
increment and transforms these temperatures to the integration points hj 
using the shape function for each element. If a thermal temperature is 
not input for anode, then it is assumed to be the same as for the last 

increment . 
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CALL READS (D I , UO , I NCR , NMAX4 , NOD .NODE ,N0DI ,NEL,TEM,TIDENI ,11) 

UI 
UO 

I NCR 
NMAX4 
NOD 
NODE 
NODI 
NEL 
TEM 

TIDE NT 

II 

17.37 ROTK 

R0TK transforms an elemental stiffness matrix from the basic XY7 .system to 
the user's global coordinate system. 

CALL R0TK( NUM.GCOS ,K ,KDTH) 


NUM 

- 

number of non-zero nodes for this 

; element. 

GCOS 

- 

coordinate transformation matrix 

for this element. 

K 

- 

stiffness matrix. 


KDIM 


column dimension of K. 
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logical unit number for input, 
logical unit number for output, 
load increment number, 
maximum allowed node ID. 

' 

► same as subroutine READM. 

the temperature for the 1 ‘th node is stored in 
TEM(I). 

title for the thermal Toad increment, 
element number. 


DO 4000 2 145 ORIG 4/7 1 


17.38 


rOTTQ transforms nodal forces and displacements for an element from the basic 
XYZ system to the user’s global coordinate system or from the user's system 
to the basic system. 


GALL R0TQ( NN.GCOS ,K0DE ,Q ) 


NN 


GG0S 


KODE 


number of non-zero nodes for this element, 
coordinate transformation matrix for this element. 
0 or 1 for transforming from user to basic or 
basic to user, respectively. 


nodal forces or displacements for this element. 


17.39 STRAIN 

This subroutine computes element strains from nodal displacements for inte- 
gration point INT as defined in common ELDAT2. 

CALL STRAIN(Q.ET) 


Q 


ET 


nodal displacements 

element strains for integration point INT. 
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17.40 VTET 


V11T calculates the volume of a tetrahedron assuming the edges are defined 
by straight lines connecting the corner nodes. If the four nodes of the 
tetrahedron are a, b, c and d, then the volume - \ (aBcJr.W). *» trick 
element is composed of five tetradrons, thus READM calls VTET five times 
to compute the volume of the brick. 

CALL VTET (VOL, XYZ, N1 ,N2,N3,N4,IU0) 


Nil ,N2,N3,N4 


current volume of brick element. 

the basic XYZ coordinates of node I are in the 

1 1 th column of XYZ . 

corner node numbers of the tetrahedron, 
logical unit number for output. 


17.41 YVAL 


This is a 


linear interpolation function routine, which takes on the inter- 


polated ordinate value. 


YVAL(NP,AX,AY,X) 


number of points in curve, 
vector of abscissas 
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AY 


vector of ordinates . 


X 


desired abscissa value. 


17.42 ZVAL 

This Is a linear table interpolation function routine, which is a 2- 
dimensional version of YVAL . 

ZVAL{NTABX ,-NTABY .TAB X, TAB Y .TABLE .X ,Y) 


NTABX 

- 

number of X values. 

NTABY 

- 

number of Y values. 

TABX 

- 

vector of X values. 

TABY 

- 

vector of Y values. 

TABLE 

- 

2-dimensional array of Z values. 

X.Y 

- 

desired abscissa, ordinate values 
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LINEAR EQUATION SOLVER 


18.1 INTRODUCTION 


These routines are written in FORTRAN IV for use on IBM 360 and 370, and 
UNI VAC 1108 computers. 

18.1.1 PURPOSE 

These routines are used to: 1) generate elemental matrices and merge them 

into the gross matrix; 2) decompose the gross matrix: 3) forward and back 
substitute to find the unknowns (see Section 5 of the theory document); and 
4) two special routines, one to merge two gross matrices, and one to read 
and/or write a checkpoint tape containing the gross matrix and the 
decomposed matrix. The routines are separated into the above logical 
sections in order to give the user complete flexibility in their use 
based on the type of problem to be solved. 

The linear equation solver routines have been written as an independent 
package. As such, they can be used in any program without recoding. The 
user must supply routines to generate the elemental matrices (details 
given in Section T8. 2} , which enhances their independence and use. 

18.1.2 NOMENCLATURE 

NF - Number of freedoms per node 
NN - Number of nodes in problem 

F - Input - vector of combined known forces and displacements 
Output - vector of known and calculated (reactions) forces 
D - Vector of known and calculated displacements 

PHTXJKniNG PAGE BLANK NOT HUISX 
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M8W - Maximum bandwidth 
LOT - Load definition vector 

18.1.3 METHOD 

18.1.3.1 MATRIX PARTITIONING 

Figure 18,1-1 shows a two bar, three node structure; each bar is capable 
of carrying axial loads. 


* ^3Y ’ <S 3 Y ( TYp ) 

.3- F 3X ,«3 X CTYP) 


FIGURE 18.1-1: TWO BAR STRUCTURE 

Bar A, using nodes 1 and 2, has the elemental matrix given in Equation 
(18.1-1). Note that, bar A is parallel to the X axis and does not 
have Y freedoms. 

f n I 

F 2 X ' 

where K represents the stiffness terms (for this discussion their value 
is immaterial). 

Bar B, using nodes 2 and 3* has the elemental matrix given in Equation 
(18.1-2). Note that bar B has both X and Y freedoms. 
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Merging these two elemental matrices yields the gross matrix 
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The program requires that each node has the same number of freedoms in the 
matrices. Therefore Equation (18.1-1) must be rewritten 
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and the gross matrix becomes 


(, ) 
IX 
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The gross matrix of Equation (18.1-5) can be partitioned 

px/ 

\ 6 2X j 

I V \ 

\ 6 3X j 

) J 3Y \ 

The reason for the programs requirement that each node have the same number 
of freedoms becomes apparent when examining the partitions of Equation 
(118.1-6). Note that each partition has the same matrix order (in this 
case a 2X2), also that the freedoms within the partition are ordered 
identically. Further, the location of each partition is known by 
identifying the node number associated with its rows and the node number 
associated with its columns. 

The program takes advantage of these conditions for several reasons. First., 
by generating the full elemental matrices (as shown in Equations (18.1-2) 
and (18.1-4)) , and doing the partitioning on them, makes merging to form 
the gross matrix a simple addition of partitions having identical row/column 
node numbers. Second, the special equation generation process described 
in Section S of the theory manual becomes a matter of how the elemental 
matrices are partitioned. (And the row/column node numbers assigned.) 

For example, assume that freedom Y, node 3 of bar B (see Figure 18. 1-1 ) is 

I > 
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Then rewritten 


constrained to be equal to freedom Y of node 4 {not shown). 
Equation (18.1-2) (with partitioning) yields 
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Third, the program needs to retain only those partitions which have at least 
one non-zero term. Further, due to symmetry of the stiffness matrix, it 


retains only the upper triangular partitions (those whose row node numbers 
are less than or equal to the column node numbers). 


Fourth, and finally, the decomposition, and forward/baekward substitution 
process becomes a matter of operating on the non-zero partitions. This 
in turn simplified the inherent bookkeeping necessary during these steps. 
It outs down the core requirements, particularly during the decomposition 
for the matrix, and also for the bookkeeping arrays. 


The row/ column node numbers are packed into one FORTRAN integer. This 
partition ID number has the form 

ID = f * I + J (18.1-8) 


where ID = the ID number 

f « a factor (currently f = 1001) 

1 = row node number 

j = column node number. 
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The use of this ID number allows the merging routine to: 1) search 

only a one dimensional vector of ID numbers in order to merge the 
partitions, and 2) to order the partitions on the merged matrix tape 
{disk, drum, etc.) by low ID to high ID numbers. This means that the 
partitions are ordered on the tape low row node numbers to hiqh row 
node numbers. And within each group of row node numbered partitions, 
the partitions are ordered low column node number to high column node 
numbers. The value of a sorted merged matrix tape is used to great 
advantage in calculating the maximum bandwidth (Subroutine DUMMY) and 
the incore decomposition (Subroutine DIG). 

18.1.3.2 NODF NUMBERING 

These routines require that the node numbers are FORTRAN integers in the 
range 1 to NN, where NN is the number of nodes in the problem.. This 
requirement allows the program to use the node number as a FORTRAN index 
in locating necessary data in the vectors (F, 0, and LBT). 

tih 

For example, assume that it is necessary to obtain the value of the d 
freedom of the 1^ node of vector V. Then the following FORTRAN code 
can be used. 


DIMENSION V(NF,NN), Wi(l) 
EQUIVALENCE (V(l,l), W(l)) 

1 111 = V(d,I) 

2 U = Wi(NF*(I-l) + d) 


These routines use the second form (statement 2). 



18.1.3.3 LOAD DEFINITION VECTOR 


The Toad definition vector contains one value for each freedom (NF*NN 
values) in the problem. Its purpose is to describe the constraints of 
the freedoms. It is a FORTRAN integer vector, setup with node numbering 
and freedom storage as described in Section 18.1.3.2. The values assigned 
for each freedom must be assigned according to the following rules. 

(Let K equal the assigned value.) 

1) +K, a positive value describes a freedom with a known force 
and the displacement is to be calculated 

2) -K, a negative value describes a freedom with a known displacement 
and the reaction force is to be calculated. 

3) The value K is a node number, and in general is the node number 
of the freedom, i.e., LDT(J,I) = +1 where J = freedom and I = node 
number. For the special equation generation case (Section 5 of 
the theory document) the value of K at node I, freedom J, becomes 
the connecting node to tie the freedoms together. To clarify, 
consider the structure shown in Figure (18. 1-2), consisting of 
three bars, capable of carrying axial Toads only, and five nodes. 

1 



FIGURE 18.1-2: THREE BAR STRUCTURE 
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Bar A on nodes 1 and 2, bar B on nodes 3 and 4, and bar G on nodes 3 and 
5. Further assume that the X freedom at nodes 2 and 3 is constrained to 
displace equally, and the Y freedoms are. to be allowed to displace unequally. 
The load definition vector (LDT) for this problem is given in Table 18.1-1 . 


iBBM 

mmm 

LDT 

IHEl 


m 

1 

X 

1 

4 

X 

-4 


Y 

1 


Y 

-4 

2 

X 

2 

5 

X 

-5 


Y 

2 


Y 

5 

3 

X 

2 





Y 

3 





TABLE 18.1-1: LOAD DEFINITION VECTOR 

One essential point - the cross connection is on an identical freedom 
basis, a freedom X to a freedom X, etc., but nojt a freedom Y to a freedom X. 

Two powerful uses of the load definition vector are available. First, 
in the ease of known displacements, the nodes do not need to be attached, 

(see nodes 4 and 5 above). Second, the known forces at the connected nodes 
are additive (an input force at 2X and an input force at 3X are added in 
the above example). 

18.1.4 LIMITATIONS 

The maximum core usage occurs during the incore decomposition. The available 
core is defined by the user in a named common block. One value in this 
common block is the length of tie eorranon block. (Details of this cannon 
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block aire given in Section 18.2.1). 

Let MBW = maximum bandwidth (# of nodes) 
NF = number of freedoms per node 
N = ((MBW)*(MBW+1)) / (2) 

L = (MBWl + (MBW)*(NF 2 ) + (4) 

G =■ required core (words) 


Then 

G = (MBW) + (N) + (2)*(NF 2 )*(N) + (6)*(NF 2 ) + (L) 

Currently (APR 1975) the only available decomposition routine requires in- 
core storage having the above storage requirement. An out-of-core or large 
decomposition routine was planned but not implemented (to date). 


One other decomposition limitation is the maximum size of L. This 

maximum is hard coded in the program (see "MAXtT" in subroutine DECOMP) and is 


set to 1000 words. 
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18.2 


USER INTERFACE 


•(8.2.1 USAGE 


While there are some twenty-four routines in the Linear Equation Solver 
package, the full capability is available via five "main 1 ' entry routines. 

1) MERGE - to generate and merge the elemental matrices to obtain 

the gross matrix 

2) DECQMP - to decompose the gross matrix 

3) S0LN - to calculate the unknown forces and displacements 

4) MRTAPE - to merge two gross matrices (from MERGE) using the 

equation 

[K m ] - A*[K-j ] + B*[K 2 ] 
where 

[K m ] is the new merged matrix 
[K^] is the first input gross matrix 
[« 2 3 is the second input gross matrix 
A is an user supplied scalar 
B is an user supplied scalar 

5) SRTAPE - to write or read a checkpoint tape 

Details of the calling sequences is given in Section 18.2.2 . 

The gross matrix (or matrices) and the decomposed matrix are stored on 
an I/O unit (tape, disk, drum, etc.). The user is responsible for assignment 
of the FORTRAN logical units. 
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the core storage used is a named common block. This allows the user 
complete control of core storage requirements for his program. The format 
of the 001111100 block is 

COMMON/ JLB/'Kf , IT, MBW, LA, A (LA) 

where KT and LT are the FORTRAN logical unit numbers of two I/O units 
to be used as scratch 

MBW is the maximum bandwidth to be expected during decomposition. 

This value is calculated by the Generate/Merge section or the 
MRTAPE routine and posted here. 

LA is the length in words (the dimension) of array A. 

A is the scratch storage array of length LA. 

The node numbers are required to be in the range 1 to NN as described in 
Section 18.1 .3.2. 

Three arrays are used, they must be in user storage (not in common block 
/ JLB/ ) . The first array is the Load Definition Vector described in 
Section 18.1.3.3. The two remaining vectors are FORTRAN single precision 
real (floating point) vectors setup with node numbering and freedom storage 
as described in Section 18.1 .3.2. These two arrays are the Force vector (F ) 
and the Displacement vector (D) . They are used only by the Forward/ Backward 
Substitution section (Subroutine SOLN). 

The Force vector (F) has dual usage; on input to SOLN, it must contain the 
combined known forces and displacements. On return from SOLN, it will 
contain only forces (known and calculated reactions). 



.1 


The Displacement vector (D) is not used for input to SOLN; on return, it 
will contain the displacements (known and calculated). 

In order to give the user complete freedom of type of structural elements 
to be used, the Linear Equation Solver routines require the user to supply 
his own elemental matrix generation routines. Interface between the 
Generation/Merge section and the user routines is via the user written 
subroutine GENER8. Details are given in Section 18.2.3. 

18.2.2 GALLING SEQUENCE 

The calling sequence to the entry routines follows. Unless otherwise 
noted, all calling sequence arguments are fullword integer values or arrays. 

CALL MERGE ( IT,NN,NE,NF,LEN,LDT) 
where 

IT = FORTRAN logical unit number of the unit for the output gross 
matri x . 

NN - number of nodes 

NE = number of structural elements 

NF = number of freedoms per node 

LEN = the maximum number of nodes that can be generated for any one 
structural element 
LDT = the Load Definition Vector 
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CALL DECOMP (IT,JT,NF,LDT) 
where 

IT = FORTRAN logical unit number of the Input gross matrix 
JT = FORTRAN logical unit number of the unit for the output 
decomposed matrix 

NF = number of freedoms per node 
LOT = the Load Definition Vector 

CALL SOLN (JT,NF,NN,LDT ,F»D) 
where 

JT - FORTRAN logical unit number of the Input decomposed matrix 

NF = number of freedoms per node 

NN = number of nodes 

LOT = the Load Definition Vector 

F = single precision real (floating point) array of the input 

combined known force and displacement vector, and the output 
forces 

D = single precision real (floating point) array of the output 
displacement vector. 

CALL MRTAPE (IT,JT,KT,A,B,NF) 
where 

IT “ FORTRAN logical unit number of the first input gross matrix 

JT = FORTRAN logical unit number of the second input gross matrix 

XT = FORTRAN logical unit number of the output merged matrix 

A = single precision real (floating point) value, scale factor for 

the First input matrix on unit IT 


B = single precision real (floating point) value, scale factor 
for the second input matrix on unit JT 
NF = number of freedoms per node 


CALL SRTAPH (IT,JT, NF, IP, IS) 
where 

IT = FORTRAN logical unit number of the input gross matrix or the 
input decomposed matrix 

JT = FORTRAN logical unit number of the unit for the checkpoint tape 
NF = number of freedoms per node 
IP = 1 process a gross matrix 

= 2 process a decomposed matrix 
IS = 1 write the checkpoint tape 

= 2 read the checkpoint tape 

SRTA'PE must be called for each matrix to be read or written. It does not 
position the Checkpoint tape other than the inherent positioning caused by 
the read/write operations. The user is required to position the tape as 
necessary. The no positioning concept allows the user to use the tape 
for checkpoint of his own data. 


18.2.3 USER ROUTINES 


The user is required to supply his own elemental matrix generator routines. 
Interface is via a user supplied routine with the specific name GENER8, which 
has the specific calling sequence. 
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CALL GENER8 (I , MODES, S, NS) 
where 

I = full word integer value containing the element number 

whose elemental matrix is to be supplied (1 is in the range 1 
to NE where NE is the number of elements) 

N = fulTword integer value to be returned containing the number 
of nodes of ^he element 

NODES = full word integer array to be returned containing the N node 

numbers of the element. (Use the first N terms of this array.) 

S = double precision real (floating point) array to be returned 
^ j containing the elemental matrix. 

NS = dimensions of array S. 

Array S is dimensioned 

DOUBLE PRECISION S(NS.NS) 

The elemental matrix must be a full symmetric matrix (do not return a symmetric 
half). The nodes and freedoms are to be ordered such that the elemental 
matrix partitions can be formed directly from the elemental matrix, with no 
sorting or inserting of rows and columns to meet the nodal partition order. 

The node ordering of the matrix in array S must match the node ordering 
in array NODES. 

Subroutine GENER8 is called once for each element in the problem. Its 
, content, logic, and programming is left to the user. 
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18.3 PROGRAMMING 

18.3.1 TAPE FORMATS 


Two tape formats are used. The first format is used for the matrix partitions 
including all scratch tapes and the final gross matrix tape. The second 
format is for the decomposed matrix tape. 


Figure 18.3-1 is the tape format for matrix partitions 




ID WORD 


PARTITION 


ID WORD 


PARTITION 



Z 


ID WORD 


PARTITION 


ID WORD 


PARTITION 



1ST PARTITION AND 
ITS ID WORD 


2ND PARTITION AND 
ITS ID WORD 


LAST PARTITION AND 
ITS ID WORK 


DUMMY PARTITION 
WITH ID = 0 


FIGURE 18.3-1: PARTITIONED MATRIX TAPE FORMAT 


Let NF be the number of freedoms per node. Then each record consists of 
the partition's ID (row/ column packed node numbers) FORTRAN integer value 

o 

(one full word) followed by the NF double precision values of the elements 
of the partition. The elements of the partitions are written by rows, 
the NF elements of row one, followed by the NF elements of row two, etc. 

The physically last record on the tape must be a dummy partition with an 
ID number of zero. 

Figure 18.3-2 shows the general tape format, and the format of one general 
data record. Each record on the tape, including the header and trailer 
records, has a FORTRAN fullword integer as its first word. This integer (NNW) 
is the number of words in the record. 


The header and trailer records are each ten FORTRAN Integer fullwords with 
the format shown in Figure 18. 3-3. 

Each data record contains one or more nodal records, each nodal record 
having the format shown in Figure 18. 3-4. 

Each nodal record contains all the data necessary from the decomposition step 
in order to perform the forward/ backward substitution step. Each contains 
the data for one decomposition row. The partitions are single precision real 
(floating point) values, ali other values are FORTRAN fullword Integers. 

The nodes array contains the column node numbers of the partitions, with the 
first node also being the node number of the decomposition row. 
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ONE TAPE RECORD 



* mn „ nodal records are placed in each data record as possible without 
exceeding the maximum length of a data record. lach nodal record is 
completely contained in its data record. 


TAPE RECORD I I TAPE RECORD 




NN PARTITIONS . ! _ NN NODES 

iB T® (WORDS) 

! NP WORDS I NP WORDS \ 


! 



NUMBER OF WORDS IN NODAL 
RECORD 

NUMBER OF NODES 

NF ? = NUMBER OF WORDS 
IN ONE PARTITION 

ARRAY NODE NUMBERS 

LOCATION OF THE FI RST WORD 
(NW) OF THE NODAL RECORD IN 
THE DATA RECORD. 
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GENERATE AND MERGE ROUTINES 

The genera] flow of the GENERATE and MERGE routines are shown in Figure 
18.3.5. 




FIGURE 18.3-5: GENERAL FLOW GENERATE/MERGE ROUTINES 


MERGE is the "main" entry subroutine called by the user. Its main function 
is to compute storage assignments for the arrays needed in the other routines. 
These storage assignments are in the common block /JLB/ and are passed 
via the calling sequence arguments* 




GENR8 controls the generation of the elemental matrices. It partitions 
the elemental matrices » writting random ordered , unmerged partitions on a 
tape for later merging. 
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MERSQR merges the partitions generated by GENR8 and writes the sorted 
merged gross matrix on the gross matrix tape. 

DUMMY oomputes the maximum bandwidth using the merged gross matrix tape 
from MERSOR. 

SEARCH is a working routine used to locate a node number in an array of 
node numbers ; it is also used by the decomposition step and the special 

routine MRTAPE . 


4 


! 
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Subroutine 6ENR8 


Gall ing Sequence 

GALL GENR8( ITAPE , Nt , N F , NSN , L DT , S , B , C , LTT , NODES , l DD ) 

when 

ITAPE - FORTRAN logical unit number of the unit for the generated 
partitions 

NE - number of structural elements 

NiF = number of freedoms per node 

NSN = dimension of array S 

= LEN*NF where LEN = maximum number of nodes in any one element 
(see calling sequence for MERGE, Section 18. 2. 2) 

LDT = Load Definition vector 

S - generated matrix (see calling sequence to GENER8, Section 18.2. 
B = array for one partition 

C = array for one partition 

LTT = array for Load Definition vector for one element 
NODES = array of elemental nodes 
LDD = bookkeeping array 

Array Dimensions 

DOUBLE PRECISION S(NSN.NSN), B(NF,NF), C(NF ,NF) 

INTEGER N0DES(LEN) , LET (NN*NF) , LTT (NSN) , LDD(NF ,NF ) 
where NN = number of nodes in problem * 
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Subroutine MERSQR 
Calling sequence 

CALL MERSQR (NT APE , KTAPE, LTAPE , NARG , MAX , DATA ,TEMP , NDATA, LI ST ) 

where 

NTAPE - FORTRAN logical unit number of the input partitions to be merged 

i 

and the output merged sorted partitions 
KTAPE = FORTRAN logical unit numbers of a unit to be used as scratch 
LTAPE * FORTRAN logical unit number of a unit to be used as scratch 
NARG = number of words in one partition 
MAX = number of partitions that can be kept incore 
DATA = array for incore partition storage 
TEMP = array for one partition 
NDATA = array for incore partition ID numbers 
LIST = sorting array for ID numbers 

Array Dimensions 

DOUBLE PRECISION DATA (NARG, MAX) , TEMP (NARG) 

INTEGER NDATA (MAX), LIST (MAX) 
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NREC IS THE COUNTFR 
OF THE NUMBER OF 
INCORE PARTITIONS, 
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Subroutine DUMMY 

CALL DUMMY ( ITAPE ,MBW,NFN ,TEMP ,MA) 

where 

ITAPE = FORTRAN Togi eal unit number of the unit containing the merged 
ordered matrix 
MBW = maximum bandwidth 
NFN = number of words in one partition 
TEMP = array for input partition 
MA = array of active node numbers 

Array Dimensions 

DOUBLE PRECISION TEMP (NFN) 

INTEGER MS (NN) 

where NN = number of nodes in problem 
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CURRENT ACTIVE 
ROW NODE NUMBER 
NUMBER OF NODES 
IN ARRAY MA 












SEARCH IS USED TO 
ADD THE COLUMN NODE 
NUMBER TO ARRAY MA 
AND INCREMENT NA IF 
THE COLUMN NOOE NUMBER 
IS NOT ALREADY IN MA 


UNPACK COLUW 
NODE NUMBER 
FROM ID 
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Subroutine SEARCH 

Galling Sequence 

GALL SEARCH (N,K,MA,NA) 

where 

N is the node nuiiitjr to be located or added to array MA. 
K is the location (subscript) of node N in array MA. 

MA is an array of nodes. 

NA is the number of nodes in array MA. 

Array Dimensions 
INTEGER MA (NN) 

where NN is the number of nodes in the problem 



NA = NA + 1 
I = NA 
MAO) = N 
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m.3.3 DECOMPOSITION ROUTINES 

Decomposition routine is shown on Fi gure18.3-6. 


The general flow of the 



FIGURE 18.3-6: DECOMPOSITION FLOW 
DECOMP is the "MAIN" entry subroutine called by the user. Its main 
functions ore to 1) compute storage assignments for the arrays needed 
the routines; and 2) to test the storage recrements agavnst the 
amounts of storage avaiiabie. and bait the run when insufficient storage 
is available. Storage assignments are in comaon block /JLB/ end are 
passed via the calling sequence arguments. 

MiC is the incore decomposition routine performing the actual deoomposition. 

mrnmmm - one routine with three entry points. OPES initializes 
the deoomposition tape end writes the header record. SAVER moves the 
nodal record data into the data records and writes the date records on 
the decomposition tape when they are full. CLOSE writes the tracer 
record on the decomposition tape. 
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BLOCK/ I BLOCK is one routine with two entry points. Both operate on the 
partition storage usage bookkeeping array. I BLOCK initializes the array. 
BLOCK determines the next available partition storage block to be used. 

DELETE operates on the partition storage bookkeeping array, releasing 
partition storage blocks for later use. 

INTER operates on the partition storage bookkeeping array and the active 
node array, interchanging the items in these arrays so that the node of the 
row being decomposed is the last node in the active node bookkeeping array. 

DIAG does the internal decomposition of the diagonal partition of the row 
being decomposed. 

DR0W does the decomposition of the off-diagonal partitions in the row 
being decomposed, 

D0THER does the decomposition of the row into the partitions not in the 
row. 


STORAGE AND BOOKKEEPING CONCEPTS 

The key concept used during decomposition is that the only partitions 
required incore are those that are active in the decomposition for the 
row being decomposed. The number of partitions requiring storage is 

NBLKS = (^) (MBW) (MBW+1 ) (18. 3-1) 

where MBW is the maximum bandwidth. 
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Three bookkeeping arrays are needed, art active node array, a partition 
row/column ID versus partition storage block number array, and a partition 
storage use array. In practice the storage for the last two bookkeeping 
arrays are combined by packing the values. 

The partition storage blocks are a double dimensioned array, the first 
dimension for the terms in the partition, the second the partition storage 
block number (in the range 1 to NBLKS) . There is a one to one correspondence 
between the partition storage block second index and the storage use 
bookkeeping array. The storage use array is simply a flag indicating 
whether or not its corresponding partition storage block is used by an 
active partition. 

The active node bookkeeping array is used in con junction with the 
partition row/ col umn ID bookkeeping array to locate a specific partition 
in the partition storage blocks. This is done by thinking of the 
partition row/col umn ID bookkeeping array as an upper triantular matrix as 
shown in Figure 18.3-7. 



FIGURE 18.3-7: PARTITION ROW/COLUMN ID BOOKKEEPING ARRAY 
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There is a one to one correspondence between the active nodes bookkeeping 
array and the rows and columns in this upper triangular matrix. To 
locate a specific partition, say partition ( I ,J.) (row node I, column node 
J). First, locate the nodes I and J in the active node bookkeeping array 
(the node numbers are stored in the array), let i and j be their location 
(subscript) respectively . Second, if j is less than i (j < i), interchange 
j and i. Finally, the location (second index of the partition storage 
blocks) of the partition is stored in the partition row/column ID 
bookkeeping array at location k of that bookkeeping array, 


where 

k = (i) * (i) * (2*M8W - i + 1) - MBW + j 


(18.3-Z) 
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INTER 


SEARCH FOR 
NODE (NN) OF ROW 
BEING DECOMPOSED 
IN ACTIVE NODE 
ARRAY 


PRINT ERROR 
COMMENT 5024 


STOP 24 


INTERCHANGE NODES 
IN ACTIVE NODE 
ARRAY SUCH THAT 
NODE NN IS LAST 


INTERCHANGE CONTENTS 
OF ROWS AND COLUMNS 
OF PARTITION ROW/COLUMN 
BOOKKEEPING ARRAY TO 
MATCH ACTIVE NODE 
ARRAY WITH NODE NN LAST 


RETURN 
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fcl AND [0] ARE OFF DIAGONAL 
PARTITIONS IN THE ROW BEING 

t,vr M O QiF ft 

[B] IS THE INVER 
DIAGONAL OF THE 

SE OF THE 

diagonal 

PARTITION IN THE 

ROW BEING 

ID Et/Ui-I PUat-W 

[A] IS THE RECE: 
[S] IS A SCRATCI 

['VINO PARTITION 
I PARTITION 
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DRQW 


1 


decompose rows oe off 
diagonal partitions, IN 

ROW BEING DECOMPOSED 
forward TO REMAINING 
ROWS IN THE PARTITION 


^ RETURN ^ 


18-SI 







J 


.1 


.1 


i- 


18.3.4 FORWARD/BACKWARD SUBSTITUTION ROUTINES 

The general flow of the Forward/Backward Substitution routines is shown 
in Figure 18.3-8 



Figure 18.3-8: Substitution Flow 

SOLN is the "MAIN" entry subroutine called by the user. Its main functions 
are to 1) set prescribed equal known (input) displacements, and add known 
(input) forces on computed equal displacement nodes, 2) to compute storage 
assignments for the arrays needed in the process, and 3) after substitution 
is completed, set computed equal displacements. Storage assignments are 
in common block/ Jit/' and are passed via the calling sequence arguements. 


SUBFR is the forward/ backward substitution routine performing the actual 
substitution RDFWRD/RBIACK/FROPEN is one routine with three entry points. 
All three read the decomposition save tape. FROPEN reads the header record 


return! no the maximum bandwidth and length of a data record to SOLN for use 
in computing storage assignments RBFWM and RDBACK each read a node record. 
RDFVJRD reads the tape for forward substitution and RDBACK reads the tape 


backward's for hacksubsti tution . 
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V9,U SUBROUTINE AND COMMON TABLES 

This section contains two tables. One lists all the subroutines called 
by the BOPACE subroutines and the other table lists all the cannon referenced 

by the BOPACE subroutines. 


SUBROUTINE - SUBROUTINE TABLE 

Subroutine Subroutines cal l ed by subroutine in left coig n 


BLKDTA 

BIGS 


B'LOCK 

COSHAP 

CSYS 

CSYS1 

CSYS 2 

DEGOMP 

DEFORM 

DELETE 

DIAG 

D1C 

DOWER 

DPFORM 

DROW 


READ!, READTM, READTP, READTC , READC, READM, READ2, 
READS 


CSYS 1 , CSYS2 


DIC 


SAVER, BLOCK, SEARCH , INTER, 


DIAG, DROW, DOWER, DELETE 


DEFORM 


preceding page blank not filmed 
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DUMMY SEARCH 

DYVAL 

EDSHAP 

ERCOMP 

FORCE ROTQ 

SENER8 KFQRM, ROTK 

GENR8 GENER8 

HEAD 
INTER 

ITER YVAL , DYVAL, ZVAL, I TER I 

ITER1 

KFORM EDSHAP, COSH AP , YVAL, DEFORM, DP FORM 

MAIN READRS, RE ADO, MERGE, DECOMP , SRTAPE, BIGS, REAM, 

READS, YVAL, S0LN, STRAIN, ITER, ERCOMP, MRTAPE , HEAD, 
OUTPQ, OUTEL 

MERGE GENR8 , MERSOR, DUMMY 

MERSOR 

MRTAPE SEARCH 

0UTC 

OUTE 

OUTEL OUTE, 0IJTP, OUTS, 0UTC , OUTG 

O.UTG 

OUTP 

OUTPQ 

OUTS 

RDFRWD 
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COMPANY 


READC 

RE ADM CSYS, VTET 

READRS 

READTC YVAL 

READTM 

READFP 

READO 

READl 

READ2 

READ 3 

READ4 

READS 

R0TK 


SAVER 

SEARCH 

SQLN 

SRTAPE 

STRAIN 

SUB'FR 


SAVER, SUB'FR 


R0TQ 


RDFRWD 


YVAL 

ZV/AL 
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19. 2 SUBROUTINE- COMMON TABLE 


Subrputi ne 



BLKDTA BRICKC , SIZES, ELDATO 

BIGS ELDATO, ELDAT1 , ELD AT 2, GEN 7 , GENPO, GENP7, GENP8, 

GENP9, GENPTO , GENP11 , GENP12, GENP13, GENP14, GENP15, 
GENP16, GENP17 , GENC1 , GENC2, JLB 

BLOCK 

COSHAP 

CSYS 

gsysi 

CSYS 2 

DECOMP JLB 

DEFORM 

DELETE 

DIAG 

DIC 

DQTHER 

DP FORM GENPO, GENP7, GENP8, GENP9, GENP11 , GENP12, GENP13, 

GENP14, GENP15, GENP16 , GENP1 7 

GROW 

DUMMY 

DYV/AL 

EDSHAF 

ERCOMP 
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FORGE EL OAT 0 , EL 0 ATI , FLOAT 2 

GENER8 FLOAT 0, ELD ATI , FLOAT 2 

GFNR8 

head 

INTER 

ITER GEN7, GENPQ, GENP7 , GENP8 , GENP9 , GENP10, GENP11 , 

GENP12, GENP 13 , GENP14, GENP15, GENP16, GENP17, GENC1 , 
GENC2, ELDATO , FLOAT 1 , ELDAT2 

1TER1 

KFORM IQUNIT, BRICKC, GEN1 , GEN7, ELDATO, ELDAT1 , ELDAT2 

MAIN IQUNIT, JLB, ELDATO, FLOAT 1 , EL DAT 2, GENT, GEN7 , GEN8, 

GENPO , GEN PI , GENP2, GENP3, GENP 4 , GENP 5 , GENP 6 , GENP 7, 
QEMP8, GENP9 , GENP TO, GENP11, GENP12, GENP13, GENP14, 
GENP15, GENP16 , GENP17 , GENC1 , GENC2, SIZES 
MERGE JLB 

MERSOR 

MRTAPE JLB 

OUTC 

OUTE 

OUTEL JLB, ELDATO, FLOAT 1 , FLOAT 2 

QUTG 

OUTP 


OUTS 

RDFRW0 

READG 
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THC 


company 


REA'DM 

READRS 

READTC 

REA0TM 

READTP 

READ© 

READ1 

READ 2 

READS 

READ4 

READS 

R0TK 

RQTQ 

SAVER 

SEARCH 

SQLN 

SRI APE 

STRAIN 

SUBFR 

VTET 

YVAL 

ZVAL 


ELDATO, ELDAT1 .. EL DAT 2 


JLB 

JLB 

ELDATO, ELDAT1 , ELD AT 2 


JLB 
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20.0 FILE USAGE 


B0PACE uses Fortran 

1/0 to access a number of files. Some of 

the files are 

defined by the user and the others are defined in the program, 
list of files listed by logical unit number follows: 

A current 

Unit Number 

Deseri ptipn 

Defined by 

5 

Input card file 

READRS 

6 

Output printer file 

READRS 

UIN1 

Type I input data 

user 

UIN2 

Type II input data 

user 

U0UT 

Major output file 

user 

UINRS 

Restart tape 

user 

U0UTRS 

Checkpoint tape 

user 

UNITE! (=11) 

Merged elastic stiffness matrix 

MAIN 

UN ITE2 (=1 2 ) 

Decomposed elastic stiffness matrix 

MAIN 

UNITP1 (=1 3) 

Merged total Jacobian matrix. Used 
only when the input variable SCODE 
is equal to 3, 4 or 5. 

MAIN 

UNITP2(=1 4) 

Decomposed total Jacobian matrix. 
Used only When the input variable 
SCODE is equal to 3, 4 or 5. 

MAIN 

UNITS! (=15) 

Scratch file used by the Gauss 
wavefront merge and decomposition 

MAIN 


routines . 


'RECEDING PAGE BLANK NQH EQjMEQ 
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UN ITS 2 (=16) Same as UNITS1 

IEDAT( =1 ) Element data 

I EDIN,( =2 ) Input integration point dated 

IED0UT(=3) Updated integration point data 


MAIN 

BLKDTA 

BLKMA 

BLKDTA 


Logical .nits IEMN and IIWT are Initially defined by the Meek data 
program Bl-DTA. However, these files are swapped in BOPACE whenever the 
integration point data as defined by co«n ELDAT2 is updated. These 
exchanges of unit numbers occur in MAIN, BISS and OUTEL, 
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OVERLAY 


The overlay of BOPACE was designed to minimize loading of segments and to 
maximize the size of common AS for a given core size. A schematic of the 
overlay is shown in Figure 21.0-1. 
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Figur* 21.0-1: Omrfay Schematic 
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